el

Click Here to Return to AR Index

- GROUND-WATER/SURFACE WATER
INVESTIGATION PLAN
PHASE 1 REMEDIAL INVESTIGATION

FINAL REPORT
- Volume 1 of 5
- June 7, 1991
- Prepared for:

Industri-Plex Site Remedial Trust
36 Commerce Way
Woburn, Massachusetts

Prepared by:

Roux Associates, Inc.
Environmental Science and Engineering, Inc.
PTT Environmental Services

ROUX ASSOCIATES INC MO06609Dy. 1D.3r



LETTER OF TRANSMITTAL

CONSULTING GROUND-WATER

m QEOLOGISTS AND ENGINEERS

ROUX ASSOCIATES INC.

THE HUNTINGTON ATRIUM
TTS5 PARK AVENUE SUITE 255

HUNTINGTON , HEW YORK 11743
® (518) 673-7200 @& FAX {(518) 673-7218

June 7, 1991

TO Mr. Joseph DeCola DATE

Industri—Flex Site, Woburn, MA

U.S.E.P,A. SUBJECT

THE FOLLOWING ITEMS ARE

ENCLOSED | | REQUESTED [ ] SENT SEPARATELY VIA

NO. OF

3 Ground-Water / Surface Water Investigation Plan, Phase I Remedial

Investigation Final Report Volumes 1-5

THE ABOVE ITEMS3 ARE SUBMITTED

[ ar voun request X ror Your REVIEW [] ror vour sianaTure
[] ror vour riLes [(J ror vYour action kx] ForR vour iNFoRMATION
COMMENTS

oY ,)?&@piﬁaa ;2%2 Uéédéwuyééri




ENVIRONMENTAL CONSULTING & MANAGEMENT
ROUX ASSOCIATES INC

THE RHUNTINGTON ATRIUM

715 PARK AVENUE
SUITE 255

HUNTINGTON NEW YORK 11743 S16673 7200 FAX 7 516673 7216

June 7, 1991

Mr. Joseph DeCola

Remedial Project Manager

United States Environmental
Protection Agency, Region 1

Waste Management Division

JF XK. Federal Building HRS-CAN-3
Boston, Massachusetts 02203-2211

Dear Mr. DeCola:

On behalf of the Industri-Plex Site Remedial Trust, we are submitting the
attached Ground-Water/Surface-Water Investigation Plan Phase 1 Remedial
Investigation Final Report for the Industri-Plex Site in Woburn, Massachusetts.
This report is being submitted in accordance with the Consent Decree and the
Ground-Water/Surface-Water Investigation Plan reporting requirements.

Please contact me if you have any questions.

Very truly yours,

ALt e Pooccrnnenn.

Timothy G. Baumann
Principal Scientist/Project Manager

Enclosure

cc: ). Naparstek, MDEP
A. Ostrofsky, NUS
W. Smull, ISRT
D. L. Baumgartner, ISRT
B. Yare, ISRT
W. Sarni, Roux Associates, Inc.

MO06609Dy.1.3



-1=

CONTENTS D R AF
1O INTRODUCTION .. ittt et a e i e e 1
1.1 Purpose of Report .. ... ... . i i i e e i 2
1.2 Site Background ... ... .. ... .. e s 2
1.3 Report Orgamization . ... .. .u vt n ettt nnnnnineur e nnnannneeennss. 5
2.0 STUDY AREA INVESTIGATIONS .. .. ... . i 6
2.1 Ground-Water Investigation .............. ..t teinriniininnennennn. 6
2.2 Surface-Water/Stream-Sediment Investigation . ... ...................... 7
23 Metals Mobility Study . ... ... i e 7
2.4 Human Health Evaluation/Ecological Evaluation ....................... 8
24.1 Human Health Evaluation . ............ ... ... . .o o oL 3
242 Ecological Evaluation ............. ... ... iiiiiiiiiinninnny 9
3.0 RESULTS OF THE RI INVESTIGATION . . ... ...ttt 10
3.1 Applicable or Relevant and Appropriate Requirements ................... 10
3.2 Ground-Water Investigation .............. . .0 it iiiinrnnnnn. 11

3.2.1 Evaluvation of the Relationship Between Ground-Water and Surface
Water .. e e e 11
3.2.2 Evaluation of Ground-Water Flow . . ................ ... ... ...... 16
3.2.2.1 Stratigraphy/Aquifer Characteristics . .............. ... uun 18
3222 Aquifer Geometry ... ... ... .. e 22
3.22.3 Saturated Extent of the Aquifer .......................... 24
3224 Ground-Water Level Fluctuations ............... ..., 25
3225 Ground-Water Flow Patterns ... ......................... 26
3.2.2.6 Horizontal Hydraulic Gradients and Flow Rates . ... .......... 30
3.2.277 Vertical Hydraulic Gradients and Flow Rates . . .............. 31
3.22.8 Conceptual Ground-Water Flow Model .................... 34
3.2.3 Nature and Extent of Migration . . . .......... ... ... ... . ... ... 36
3.2.3.1 Nature of the Constituents Detected ............ ..o ... 38
3.23.2 Extent of the Constituents Detected . ...................... 40
3.23.3 Discussion of Woburn Landfill .. .............. .. ... ...... 47
3.3 Surface-Water Investigation ........... ... . .0 i 50
33.1.1 Discharge Areas .............ciiiiiiiineinnnnninnnnns 51
3.3.1.2 Inventory of Discharges ........... ... ... . iy 52
3313 FlowRates .......... ... it 52
33.14 Sediment Tranmsport . ... ...... ..ttt nnnnnnnnnns 53
3.3.2 Nature and Extent of Migration . . . ........... ... vt 55
3.3.2.1 Trunk Sewer Line Sampling . ................ .. .ottt 57
33.2.2 Surface-Water Analyses ............ .., 59
3.32.2.1 Nature of the Constituents Detected ............... 59
33.2.2.2 Extent of the Constituents Detected ............... 60
3.3.2.2.3 Summary of Surface-Water Sampling Results . .. ... ... 67

ROUX ASSOCIATES INC MO06609Dy. 1Da.3r



-1i-

CONTENTS (continued)

3.4 Stream-Sediment Investigation ............. ... . it 68
3.4.1 Nature and Extent of Migration . . .......... ... 0. 68
3.4.1.1 Nature of the Constituents Detected ...................... 71
3.4.1.2 Extent of the Constituents Detected . ...................... 73
3.4.1.3 Summary of Stream-Sediment Sampling Results . ............. 84
3.5 Metals Mobility Study .. ... ... . e 85
3.5.1 Evaluation of the Literature and Database . . ...................... 86
3.5.1.1 Background/Site History . ......... .0t nnnnnn 87
3512 pHand Eb conditions . ............ .. iiiiinrennennnnn. 89
3513 Tronand Sulfur ........ ... ... ... . i 89
3504 AISENIC .. .o e e e e 91
3515 Chromium . ... .. ..ttt e e 04
3516 MercUTY ..ot e e e 98
3507 Lead ..o e e 100
3.5.1.8 Alkalinity and Anionic Constituents ...................... 102
3.5.1.9 Statistical Analysis/Geochemical Modeling . . ............... 104

3.5.2 Measurement of the Critical Parameters Controlling Arsenic, Chromium,
Lead and Mercury .. .. i 110

3.5.3 Determination of the Chemical Species of Arsenic, Chromium, Lead, and
Mercury . e e e 111
3.5.4 Evaluation of Current and Future Mobility .................. .... 112
4.0 RISK ASSESSMENT .. ... .. e e e e 116
4.1 Background . ....... .. ... e e e 116
4.1.1 Previous Investigations ................ .00t erinnrennaneanns 116
42 DataEvaluation . .......... ... ... . .. . . . e e 118
421 Database .. .. ... . e 118
4.2.2 Surface Water . ... .. ... . i i e 119
423 Sediment . ... ... L e e 122
424 Ground Water . . . ... .. ... .. e 126
4.3 Human Health Risk Assessment .. ............ .0 ennnnnn.. 129
4.3.1 Hazard Identification . . .. ....... ... .. it nnnainnennn 129
43.1.1 Methodology ............. ... i i 129
43.1.2 Surface Water .. .......... ... .. ... 130
43.13 Sediment .. ... ... ... e e 132
43.14 Ground Water .. ........... ... . . iiiiiiiienranns 134
4.3.2 Toxicity ASSESSIMENt . .. . ... ittt it ettt it 136
4321 Introduction .. ... ...ttt 136
4.3.2.2 Risk Assessment of Carcinogens . ...................c.... 137
4.3.2.3 Assessment of Other Toxic Actions ..................c.... 139
4.3.3 EXpOSure ASSESSIMEI . ... ...t vuvevnnn e eenennnnenenaaesnn 139
4331 Introduction . ...... ... ... . . ... e 139
4332 Site Features ........... ... ittt 140
4.3.3.3 Conceptual Model of Potential Exposures ................. 141

4.3.3.4 Development of Exposure Scenarios: Locations, Exposure Point
Concentrations, and Receptors . ... .......... ...t 143
4.3.3.5 Estimation of Exposure Dose . .......................... 145
ROUX ASSOCIATES INC

MOG6609Dy. 1D 3r



-iii-

CONTENTS (continued)
434 Risk Characterization . ............c0iurieemnmmanennnnnernns 149
43.4.1 Results of Risk and Hazard Index Calcuiations ............. 149
- 4.3.4.2 Uncertainty Associated with the Risk Assessment ., .......... 153
4.3.5 Conclusions . . ... i e e e 159
4.4 Ecological ASSeSSIMENt . ... ........iititretreranrnananeneerens 160
— 441 Introduction . ... ...ttt e e 160
442 ObJectiVes ... vttt it e e et e e e 161
443 Scope of the Investigation .............. ... ..., 161
- 444 Evaluation of Site Characteristics . .. ...... ... .. iiriirrernnn 161
44.4.1 Watershed/Hydrology ......... ... ..., 161
4442 Habitat .. ... ... ... i e 162
- 4.4.43 Non-Site Related Impacts ............ ... ... .. 163
4444 Site-Related Impacts ............. .. ... 164
445 Field SUIvey .. ...ttt e e e 164
_ 446 Hazard Evaluation ............ ...ttt 164
44.6.1 DataEvaluation ............ ... .. ..t 165
44.62 Methodology ........ ... . ... . . . i i 165
_ 4463 Surface Water .. ......... . 0ttt 166
4.4.6.4 Sediment . .. ... .ttt et 167
4465 Ground Water . .......... . ... ittt 169
_ 4.4.7 Types and Numbers of Aquatic Receptors . ...................... 170
44.8 Potential for Exposure . ........ ... .. i e 170
449 Measurement endpoints . ... .. . i e 171
_ 4.4.10 Characterization of Impacts .. ....... ... ..o vt iinn. 173
4.4.10.1 Surface Water . ....... ... ... ... .t i, 174
44,102 Sediment .. ......... ottt e 174
_ 44103 Ground Water ......... ... coiiiuiininnneanananann. 176
44104 Fish ... . . e 178
4.4.10.5 Macroinvertebrates . .......... ... ..., 178
4.4.11 ConclusSIOnS . ... .ttt ittt e 182
- 4.4.12 Significance of Impacts to the Water Resource . . ................. 183
4.4.13 Limitations of Analysis ........... ... it iiiinn.n. 185
o 5.0 SUMMARY AND CONCLUSIONS . ... ... it e et i e eeaeea e 188
5.1 Nature and Extent of Inorganic and Organic Compounds ................ 188
SL1 Ground Water . .. ... i e e 188
- 5L BEWEIS . .. e e e e e e e 189
5.13 Surface Water . ... ... i e e 189
5.14 Stream Sediments .. ............ ... .. .. 190
- 52 Fate and Transport . .. .. .ottt ittt et e 190
53 Metals Mobility . ....... .. ... . ittt 191
5.4 Risk ASSESSIIENt . . . ...ttt e e 191
- 5.4.1 Human Health Evaluation . ............. ... . . 0., 191
54.2 Ecological Evaluation ............ ... .. ... ... iitiiia.. 192
5.5 Data Limitations and Recommendations for Future Work . .............. 193
6.0 REFERENCES ... .. i e ettt 194

ROUX ASSOCIATES INC

MOG6609Dy. IDa.3r



3-10.
3-11.
3-12.
3-13.
3-14.
3-15.
3-16.
3-17.
3-18.
3-19.
3-20.
3-21.
3-22.

3-23.

ROUX ASSOCIATES INC

-lv-

TABLES

. Well Construction Data at the Industri-Plex Site, Woburn, Massachusetts.

Soil Sample Field Measurements at the Industri-Plex Site, Woburn, Massachusetts.

. Hydrogeologic Units and Aquifer Characteristics, Industri-Plex Site, Woburn, Massachusetts.

Comparison of Hydraulic Conductivity Values from Slug Tests Performed by Golder
Associates Inc. November 5, 1990 through November 9, 1990 and Hydraulic Conductivity
Values from Constant-Rate (Pumping) Tests Performed by Roux Associates, Inc. October 31,
1990 through November 2, 1990, Industri-Plex Site, Woburn, Massachusetts.

. Ground-Water Elevation Data at the Industri-Plex Site, Woburn, Massachusetts.
. Calculation of Vertical Gradients in Monitoring Well Clusters, Industri-Plex Site, Woburn,

Massachusetts.

Ground-Water Sample Field Measurements at the Industri-Plex Site, Woburn, Massachusetts.
Organic Compounds Detected in Upgradient and On-Site Monitoring Wells, Industri-Plex
Site, Woburn, Massachusetts.

. Organic Compounds Detected in Downgradient (Off-Site) Monitoring Wells, Industri-Plex

Site, Woburn, Massachusetts.

Surface-Water Sampling Locations at the Industri-Plex Site, Woburn, Massachusetts.
Surface-Water Elevation Data at the Industri-Plex Site, Woburn, Massachusetts.
Surface-Water Discharge Measurements at the Industri-Plex Site, Woburn, Massachusetts.
Surface-Water Low Flow Sampling Field Measurements at the Industri-Plex Site, Woburn,
Massachusetts.

Stream-Sediment Low Flow Sampling Field Measurements at the Industri-Plex Site, Woburn,
Massachusetts.

Concentrations of Total Suspended Solids and Surface Water Discharge Measurements at
SW-3, SW-7 and SW-14, Industri-Plex Site, Woburn, Massachusetts.

Calculated Volumes of Suspended Sediment Discharge During Low Flow Conditions,
Industri-Plex Site, Woburn, Massachusetts.

Organic Compounds Detected in Aberjona River Surface-Water Samples Collected During
July 31, 1990 to August 3, 1990 at the Industri-Plex Site, Woburn, Massachusetts.
Organic Compounds Detected in Hall's Brook Surface-Water Samples Collected During
July 31, 1990 to August 3, 1990 at the Industri-Plex Site, Woburn, Massachusetts.
Summary of Stream Sediment Grain Size Data During Low Flow Conditions, Industri-Plex
Site, Woburn, Massachusetts.

Organic Compounds Detected in Aberjona River Stream Sediments Collected During July
31, 1990 to August 3, 1990 at the Industri-Plex Site, Woburn, Massachusetts.

Organic Compounds Detected in Hall’s Brook Stream Sediments Collected During July
31, 1990 to August 3, 1990 at the Industri-Plex Site, Woburn, Massachusetts.
Concentrations of Arsenic and Semi-Volatile Organic Compounds in Stream-Sediments,
Industri-Plex Site, Woburn, Massachusetts.

Chromium Ground-Water Speciation Data (March 1990) Industri-Plex Site, Woburn,
Massachusetts.

MO06609Dy. 1Da.3r



TABLES CONTINUED

3-24. Summary Statistics for Log Transformed Phase II RI Soils Database, Industri-Plex Site,
Woburn, Massachusetts.

3-25. Comparison Between Geometric Mean Metal Concentrations in Industri-Plex Phase II Soils
Data with Range of Background Concentrations Reported for Soils Overlying Gneiss

3-26. Correlation Coefficients and Frequency Table for Phase II RI Soils Database. Critical
Correlation for n=500 is 0.12 at the 1% Level.

3-27. Results of Lognormal Transformation and Computation of Statistic for As, Cr and Pb.

3-28. Correlation Matrix for Transformed, Standardized Ground-Water Data Collected Between
3/15/90 and 4/25/90 Industri-Plex Site, Woburn, Massachusetts.

3-29. Saturation Indices for Selected Monitoring Wells,
Industri-Plex Site, Woburn, Massachusetts.

4-1. Descriptive Statistics for Total Metals Measured in Surface Water, Industri-Plex Site,
Woburn, Massachusetts.

4-2. Descriptive Statistics for Dissolved Metals Measured in Surface Water, Industri-Plex Site,
Woburn, Massachusetts.

4-3. Descriptive Statistics for Volatile Organic Compounds Measured in Surface Water, Industri-
Plex Site, Woburn, Massachusetts.

4-4. Descriptive Statistics for Semivolatile Organic Compounds Measured in Surface Water,
Industri-Plex Site, Woburn, Massachusetts.

4-5. Descriptive Statistics for Selected Water Quality Parameters of Unfiltered Surface Water
Samples, Industri-Plex Site, Woburn, Massachusetts.

4-6. Descriptive Statistics for Total Metals Measured in Sediment Samples, Industri-Plex Site,
Woburn, Massachusetts.

4-7. Descriptive Statistics for Volatile Organic Compounds Measured in Sediment, Industri-Plex
Site, Woburn, Massachusetts.

4-8. Descriptive Statistics for Semivolatile Organic Compounds Measured in Sediment, Industri-
Plex Site, Woburn, Massachusetts.

4-9. Descriptive Statistics for Selected Water Chemistry Parameters in Sediment, Industri-Plex
Site, Woburn, Massachusetts.

4-10. Descriptive Statistics for Total Metals Measured in Groundwater, Industri-Plex Site, Woburn,
Massachusetts.

4-11. Descriptive Statistics for Dissolved Metals Measured in Groundwater, Industri-Plex Site,
Woburn, Massachusetts.

4-12. Descriptive Statistics for Volatile Organic Compounds Measured in Groundwater, Industri-
Plex Site, Woburn, Massachusetts.

4-13. Descriptive Statistics for Semivolatile Organic Compounds Measured in Groundwater,
Industri-Plex Site, Woburn, Massachusetts.

4-14. Descriptive Statistics for Selected Physical and Chemical Parameters of Unfiltered
Groundwater Samples, Industri-Plex Site, Woburn, Massachusetts.

4-15. Hazard Identification/Contaminant Evaluation (Metals), Industri-Plex Site, Woburn,
Massachusetts.

4-16. Hazard Identification/Contaminant Evaluation (Volatile Organic Compounds), Industri-Plex
Site, Woburn, Massachusetts.

ROUX ASSOCIATES INC

MO@s609Dy. 1Da.3r



4-17.
4-18.
4-19,
4-20,
421,
4-22,
4-23,
4-24.
4-25.
4-26.
4-27.
4-28.
4-29.
4-30.
4-31.
4-32.
4-33,
4-34,
4-35.
4-36.
4-37.
4-38.
4-39,
4-40.

ROUX ASSOCIATES INC

TABLES CONTINUED

Hazard Identification/Contaminant Evaluation, (Semi-Volatile Organic Compounds), Industri-
Plex Site, Woburn, Massachusetts.

Toxicity Information Industri-Plex Site, Woburn, Massachusetts.

Location of Wells for Exposure Assessment, Industri-Plex Site, Woburn, Massachusetts.
Exposure Pathways and Scenarios, Industri-Plex Site, Woburn, Massachusetts.
Cumulative Daily Exposure, Hypothetical Exposure Scenario: Ingestion and Household Use
of Groundwater, Industri-Plex Site, Woburn, Massachusetts.

Cumulative Daily Exposure, Hypothetical Exposure Scenario: Wading in Lower South Pond
(Children), Industri-Plex Site, Woburn, Massachusetts,

Cumulative Daily Exposure, Hypothetical Exposure Scenario: Wading in Lower South Pond
(Adults), Industri-Plex Site, Woburn, Massachusetts.

Cumulative Daily Exposure, Hypothetical Exposure Scenario: Swimming in Hall's Brook
Retention Area (Children), Industri-Plex Site, Woburn, Massachusetts.

Cumulative Daily Exposure, Hypothetical Exposure Scenario: Swimming in Hall’s Brook
Retention Area (Adults), Industri-Plex Site, Woburn, Massachusetts.

Cumulative Daily Exposure, Hypothetical Exposure Scenario: Sediment Ingestion at SW-16,
Industri-Plex Site, Woburn, Massachusetts.

Cumulative Daily Exposure, Hypothetical Exposure Scenarjo: Ingestion of Fish from Hall’s
Brook (average ingestion rate), Industri-Plex Site, Woburn, Massachusetts.

Cumulative Daily Exposure, Hypothetical Exposure Scenario: Ingestion of Fish from Hall’s
Brook (for maximum fish ingestion rate), Industri-Plex Site, Woburn, Massachusetts.
Risk Characterization, Hypothetical Exposure Scenario: Ingestion and Household Use of
Groundwater, Industri-Plex Site, Woburn, Massachusetts.

Risk Characterization, Hypothetical Exposure Scenario: Wading in Lower South Pond
(Children), Industri-Plex Site, Woburn, Massachusetts.

Risk Characterization, Hypothetical Exposure Scenario: Wading in Lower South Pond
(Adults), Industri-Plex Site, Woburn, Massachusetts.

Risk Characterization, Hypothetical Exposure Scenario: Swimming in Hall’s Brook Retention
Area (Children), Industri-Plex Site, Woburn, Massachusetts.

Risk Characterization, Hypothetical Exposure Scenario: Swimming in Hall's Brook Retention
Area (Aduits), Industri-Plex Site, Woburn, Massachusetts.

Risk Characterization, Hypothetical Exposure Scenario: Sediment Ingestion at SW-16,
Industri-Plex Site, Woburn, Massachusetts.

Cumulative Daily Exposure, Hypothetical Exposure Scenario: Ingestion of Fish from Hall’s
Brook (average ingestion rate), Industri-Plex Site, Woburn, Massachusetts.

Risk Characterization, Hypothetical Exposure Scenario: Ingestion of Fish from Hall’s Brook
(for maximum fish ingestion rate), Industri-Plex Site, Woburn, Massachusetts.
Contribution of Tributaries to Total Surface Water Discharge at Station SW-14, Industri-Plex
Site, Woburn, Massachusetts.

Water Quality Parameters Measured at Selected Stations During the Field Survey, Industri-
Plex Site, Woburn, Massachusetts,

Number and Types of Fish Sampled at Selected Biological Sampling Stations, Industri-Plex
Site, Woburn, Massachusetts.

Composite List of Wildlife Species Observed On-Site, Industri-Plex Site, Woburn,
Massachusetts.

MO06609Dy. 1Da.3r



4-41

4-42,

4-43,
4-44,

4-45.

4-46.
4-47.
4-48,

AR RN EY®N O B W

-vii-
TABLES CONTINUED

. Relative Percent Contribution of Benthic Macroinvertebrates at Each Sampling Station,
Industri-Plex Site, Woburn, Massachusetts.

Toxicity Quotients for Metals in Surface Water (based on Ambient Water Quality Criteria),
Industri-Plex Site, Woburn, Massachusetts.

Toxicity Quotients for Metals in Sediment, Industri-Plex Site, Woburn, Massachusetts.
Toxicity Quotients for Polycyclic Aromatic Hydrocarbons in Sediment, Industri-Plex Site,
Wobum, Massachusetts,

Contribution of Constituents of Concern From Groundwater to Surface Water for the Hall’s
Brook Retention Area and a Portion of the Aberjona River (Worst-case Future Scenario),
Industri-Plex Site, Woburn, Massachusetts.

Measurement Endpoints and Bioassessment Criteria For Each Biological Sampling Station,
Industri-Plex Site, Woburn, Massachusetts.

Biological Condition of Sampling Station Based on Rapid Bioassessment Protocol Il Scoring
Criteria, Industri-Plex Site, Woburn, Massachusetts.

Identification of Chironomidae at Selected Upstream and Downstream Sampling Stations,
Industri-Plex Site, Woburn, Massachusetts.

COMPUTER DISKS

dBase File for Ground-Water, Surface-Water, Stream-Sediment and Sewer-Water Data.

FIGURES

Location of Site and Study Area.

Elevation of the Water-Table May 13, 1991.

Conceptual Model of the Ground-Water Flow System, Industri-Plex Site, Woburn,
Massachusetts.

Conceptual Model of the "Shallower" and "Deeper” Ground-Water Flow System, Industri-Plex
Site, Woburn, Massachusetts. :

Hydrogeologic Cross-Section Through PZ-1, PZ-2 and Aberjona River.

Ground-Water Elevations and Vertical Hydraulic Gradients Observed for Cluster Wells,
May 13, 1991.

Detected Concentrations of Benzene/Toluene in Ground-Water.

Detected Concentrations of Dissolved Arsenic in Ground-Water.

Detected Concentrations of Dissolved Chromium in Ground-Water.

Concentration of Arsenic in Stream Sediments.

Concentration of Total Semi-Volatile Organic Compounds in Stream Sediments.
Arsenic Concentrations in Sediment vs. Distance (Aberjona River).

Chromium Concentrations in Sediment vs. Distance (Aberjona River).

Lead Concentrations in Sediment vs. Distance (Aberjona River).

Relationship Between Cadmium and Zinc in the Hall’s Brook Helding Area Sediments.
Industri-Plex Site Paradigm.

Distribution of Eh-pH Measurements of Natural Aqueous Environments (From Baas Becking
Et Al. 1960).

18. Eh-pH Diagram for Fe Species. EFe = 1E-5, XC = 1E-2, £S = 5E-3. Screened Area
Represents Eh-pH Measurements in Groundwater, March, April, and August 1990, Industri-
Plex Site, Woburn, Massachusetts,
ROUX ASSOCIATES INC

MQ06609Dy. 1Da.3r



-viii-

FIGURES CONTINUED

19. Half-Lives for Aqueous Fe(Il) as a Function of pH at 25° C

20. Theoretical Fe Species in Monitoring Wells Based on Eh-pH Measurements, March, April,
and Aug. 1990, Industri-Plex Site, Woburn, Massachusetts.

21. Eh-pH Diagram for As Species. LAs = 1E-5, EZCu = 1E-7. Screened Area Represents
pH/Eh Measurements in Groundwater, March, April, and Aug. 1990, Industri-Plex Site,
Woburn, Massachusetts.

22. Theoretical As Species in Monitoring Wells Based on Eh-pH Measurements, March, April,
and Aug. 1990, Industri-Plex Site, Woburn, Massachusetts.

23. pH-Adsorption Edge for Arsenate on am-Fe(OH),: Effects of Total Iron and Total Arsenate
(From Leckie Et Al. 1980).

24. Biological Cycle for Arsenic (From Faust & Aly, Chemistry of Natural Waters, 1981).

25. Mobility of Different Arsenic Species in River Sediments (From Holm Et Al., Chemical
Modeling in Aqueous Systems, 1980).

26. Eh-pH Diagram for Cr Species. ECr = 1E-5, ZFe = 1E-5. Screened Area Represents Eh-pH
Measurements in Groundwater, March, April, and Aug. 1990, Industri-Plex Site, Woburn,
Massachusetts.

27. Chromate Adsorption to Single-Phase Sorbents (From Rai Et Al, 1988).

28. Theoretical Cr Species in Monitoring Wells Based on Eh-pH Measurements, March, April,
and Aug. 1990, Industri-Plex Site, Woburn, Massachusetts.

29. Eh-pH Diagram for Cr and Fe Species. LFe = 1E-3, ZCr = 1E-5. Screened Area Represents
Eh-pH Measurements in Groundwater, March, April, and Aug. 1990, Industri-Plex Site,
Woburn, Massachusetts.

30. Theoretical Cr Species in Monitoring Wells Based on Eh-pH Measurements, March, April,
and Aug. 1990, Industri-Plex Site, Woburn, Massachusetts. Dashed Line Represents
Regression Fit Through eL and pH Data Points.

31. Eh-pH Diagram for Hg Species. YtHg = 1E-3. Screened Area Represents Eh-pH
Measurements in Groundwater, March, April, and Aug. 1990, Industri-Plex Site, Woburn,
Massachusetts.

32. Theoretical Hg Species in Monitoring Wells Based on Eh-pH Measurements, March, April,
and Aug. 1990, Industri-Plex Site, Woburn, Massachusetts.

33. Eh-pH Diagram for Pb Species. Screened Area Represents Eh-pH Measurements in
Groundwater, March, April, and Aug, 1990, Industri-Plex Site, Woburn, Massachusetts,

34. Theoretical Pb Species in Monitoring Wells Based on Eh and pH Measurements, March,
April, and Aug, 1990, Industri-Plex Site, Woburn, Massachusetts.

35. Adsorption of Alkaline Earth, Transition, and Heavy Metal Cations by Hydrous Oxide Gel
of Iron (From Kinniburgh Et Al. 1976).

36. Distribution of Acetic Acid Complexes As a Function of pH.

37. Probability of Distribution Plot for Original Soil As Concentration Data and the Log
Transformed Equivalent (n = 822).

38. Probability Distribution Plot for Original Dissolved Fe Groundwater Data and the Log
Transformed Equivalent (n = 22).

39. Cluster Diagram Describing Statistical Monitoring Well Groupings (Complete Linkage
Method) Based on the Log Normally Transformed Database for Dissolved Analytes from
the March 1990 Sampling Round.

ROUX ASSOCIATES INC

MO06609Dy. 1Da.3r



bl S

P00 N R N

©

[y
g =

FIGURES CONTINUED

Trilinear Plot (Piper Diagram) of Groundwaters, March, April, and Aug. 1990, Industri-Plex
Site, Woburn, Massachusetts.

Relationship Between pH/Eh and As/COD on Transformed Shallow Groundwater Data,
March 1990.

Inferred Sorption Isotherms for As and Zn in Alluvial Groundwater at the Industri-Plex
Site.

Saturation Index Cross-Section.

Saturation Indices for Calcite and Goethite Along the Cross Section Identified in Figure 36.
Saturation Indices for Gypsum and Chrome Hydroxides Along the Cross Section Identified
in Figure 36.

Eh of Groundwater.

Concentration of Dissolved Oxygen in Groundwater.

Chemical Oxygen Demand in Groundwater.

Concentration of Total Organic Carbon in Groundwater.

Concentration of Chloride in Groundwater.

Distribution of Alkalinity (as HCO;-) in Groundwater.

Eh-pH Conditions Conducive To The Presence of As IIL

Concentration of Total Phosphorous in Groundwater.

Concentration of Sulfate in Groundwater.

Concentration of Total Chromium in Groundwater,

. pH of Groundwater.

Concentration of Total Lead in Groundwater.

Overlay of the Areal Extent of the Aquifer and Axis of the Buried Valley.
Overlay of the Elevation of the Water Table, December 7, 1990.

Overlay of the Extent of Arsenic/Benzene/Toluene in Ground Water.
Overlay of the Extent of Arsenic and Benzene in Stream Sediments.

PLATES

Sampling Locations, Ground-Water/Surface-Water Investigation Plan. ... .. In Pocket
Location of Generalized Geologic Cross Sections . .................... In Pocket
Generalized Geologic Cross-Sections ...............ccvvinenneo... In Pocket
Surficial Geologic Map . . . ... . .. o e In Pocket
Elevation of the Bedrock Surface . ... ......... .. ... .. ... . ... ... In Pocket
Isopach of the Saturated Unconsolidated Deposits . ................... In Pocket
Estimated Net Sand Isopach Map of the Saturated Aquifer.. ............ In Pocket
Elevation of the Water-Table on April 10, 1990. ... ................... In Pocket
Elevation of the Water-Table on August 13, 1990. .................... In Pocket
Continuous Water-Level Data at PZ-1, PZ-2, and the Aberjona River

From April through November 1990 .. .. ... .. ... ... . ... ... . . ... In Pocket
Concentrations of Organic Compounds Detected in Ground-Water ... ... .. In Pocket
Concentrations of Dissolved Arsenic, Chromium, Lead, and Zinc

Detected in Ground-Water . . ... ... .. ... .. .. . i In Pocket

ROUX ASSOCIATES INC
MO06609Dy.1Da.3r



13.
14,
15.
16.
17.
18.
19.

20.
21.

23.

ROUX ASSOCIATES INC

-x-
PLATES CONTINUED

Location of Trunk Sewer Lines ........... ... . ... In Pocket
Location of Surface-Water Drainages and Discharges .................. In Pocket
Flow Rates and Total Discharge of Surface Water at High Flow Conditions on

April 19, 1990 . . L e e In Pocket
Flow Rates and Total Discharge of Surface Water at Low Flow Conditions on

July 31 through August 3, 1990 . . ... ... ... e In Pocket
Concentrations of Volatile Organic Compounds in Surface Water and

Sediment May/June and July/August 1990 .. .......... ... . ... ....... In Pocket
Concentrations of Arsenic, Chromium and Detected in Surface Water

July 31to August 3, 1990 ... ... . ... e In Pocket
Concentrations of Arsenic Detected in Stream Sediment .. .............. In Packet
Concentrations of Chromium Detected in Stream Sediment ............. In Packet
Concentrations of Lead Detected in Stream Sediment . .. ............... In Packet
Detected Concentrations of Total Volatile Organic Compounds, Semi-Volatile
Compounds, Arsenic, Chromium and Lead in Surface-Water Samples ... ... In Packet
Detected Concentrations of Total Volatile Organic Compounds, Semi-Volatile
Compounds, Arsenic, Chromium and Lead in Stream-Sediment Samples . . . . In Packet

APPENDICES

Technical Memoranda on Field Activities
Section 1. Standard Operating Procedures
Section 2. Field Change Forms

Field Documentation and Chain of Custody Forms
Section 1. Geologic Logs and Split Spoon Sample Chain of Custody Forms
Part 1. Geologic Logs
Part 2. Split-Spoon Sample Chain of Custody Forms
Section 2. Well Construction Logs
Section 3. PDITask GW-1 - Aquifer Thickness Boring and Monitoring Well Geologic Logs
Section 4. Bedrock Core Photographs
Section 5. Ground-Water Sampling Logs and Chain of Custody Forms
Part 1. Ground-Water Sampling Logs (March 1990, April 1990, and August 1990)
Part 2. Ground-Water Sampling Chain of Custody Forms
Section 6. Surface-Water High Flow Sampling Logs and Chain of Custody Forms
Part 1. Surface-Water High Flow Sampling Logs
Part 2. Surface-Water High Flow Sampling Chain of Custody Forms
Section 7. Surface-Water Low Flow Sampling Logs and Chain of Custody Forms
Part 1. Surface-Water Low Flow Sampling Logs
Part 2. Surface-Water Low Flow Sampling Chain of Custody Forms
Section 8. Sewer-Water Sampling Logs and Chain of Custody Forms
Part 1. Sewer-Water Sampling Logs
Part 2. Sewer-Water Sampling Chain of Custody Forms

MOD6609Dy. 1Da.3r



-X1-
APPENDICES CONTINUED

Data Summaries and Statistical Analyses

Section 1. Summary of Ground-Water Quality Data, Ground-Water/Surface-Water
Investigation Plan, Industri-Plex Site, Woburn, Massachusetts

Section 2. Summary of PDI Phase 1 and Phase 2 Ground-Water Quality Data, Pre-Design
Investigation, Industri-Plex Site, Woburn, Massachusetts

Section 3. Summary of Surface-Water Quality Data, Ground-Water/Surface-Water
Investigation Plan, Industri-Plex Site, Woburn, Massachusetts

Section 4. Summary of Stream-Sediment Quality Data, Ground-Water/Surface-Water
Investigation Plan, Industri-Plex Site, Woburn, Massachusetts

Section 5. Summary of Sewer-Water Quality Data, Ground-Water/Surface-Water
Investigation Plan, Industri-Plex Site, Woburn, Massachusetts

Section 6. Summary of Split-Spoon Soil Data, Ground-Water/Surface-Water Investigation
Plan, Industri-Plex Site, Woburn, Massachusetts

Section 7. Stream Sediment Grain Size Data, Ground-Water /Surface-Water Investigation
Plan, Industri-Plex Site, Woburn, Massachusetts

Analytical Data and Validation Documentation
Section 1. Ground-Water Data Validation Documentation
Part 1. Data Validation of March 1990 Enseco-ERCO Analyses
Part 2. Data Validation of April 1990 Enseco-ERCO Analyses
Part 3. Data Validation of August 1990 Enseco-ERCO Analyses
Part 4. Data Validation of March and April 1990 Radian Analyses for Ground-Water
and Sewer-Water
Section 2. Surface-Water and Stream-Sediment Data Validation Documentation
Part 1. Data Validation of Enseco-ERCO Analyses
Part 2. Data Validation of Radian Analyses
Section 3. Sewer Data Validation Documentation
Part 1. Data Validation of Enseco-ERCO Analyses
Part 2. Data Validation of Radian Analyses (see Appendix D, Section 1, Part 4)
Section 4. Split-Spoon Soil Data Validation Documentation

Calculations
Bibliography of Metal Mobility Papers

Risk Assessment Documentation
Section 1. Summary Tables
G-1A. Raw Database Used for Calculating Descriptive Statistics for Metal
Concentrations in Sediment, Industri-Plex Site, Woburn, Massachusetts.
G-1B1. Descriptive Statistics and Frequency Distributions for Total Metals in Surface
Water, Industri-Plex Site, Woburn, Massachusetts.
G-1B2. Descriptive Statistics and Frequency Distributions for total Metals in Sediment,
Industri-Plex Site, Woburn, Massachusetts.
G-1B3. Descriptive Statistics and Frequency Distributions for Total Metals in
Groundwater, Industri-Plex Site, Woburn, Massachusetts.
G-1C. Habitat Assessment Summary, Industri-Plex Site, Woburn, Massachusetts,
G-1D. Number and Types of Benthic Macroinvertebrates Sampled at Selected
Biological Sampling Stations, Industri-Plex Site, Woburn, Massachusetts.

ROUX ASSOCIATES INC

MOQ6609Dy. 1Da.3r



APPENDICES CONTINUED

G-1E. Pearson’s Correlation Matrix for Physical and Chemical Parameters in Surface
Water and Sediment (log transformed data).
G-1F. Risk Assessment Documentation, Equations and Sample Risk Assessment
Calculations.
G-1G. Risk Characterization, Hypothetical Exposure Pathway: Industrial Exposure.
G-1H. Hazard Identification of Total Metals in Ground-Water, Industri-Plex Site,
Woburn, Massachusetts.
Section 2. Toxicity Profiles
Section 3. Photographs

ROUX ASSOCIATES INC MO06609Dy. 1D4a.3r



o

1.0 INTRODUCTION gt f
The Ground-Water/Surface-Water Investigation Plan (GSIP) Remedial Investigation (RI)
was initiated by Roux Associates, Inc. (Roux Associates), Environmental Science and
Engineering, Inc. (ESE), and PTI Environmental Services (PTI) for the Industri-Plex Site
Remedial Trust (ISRT) in March 1990 and completed during January 1991. The GSIP RI
was performed according to the procedures outlined in the GSIP RI Work Plan (Roux
Associates Inc,, December 21, 1989) and the requirements of the Consent Decree (CD)
between the United States Environmental Protection Agency (USEPA) and the ISRT. The
CD was negotiated and executed by the parties involved (USEPA, the Commonwealth of
Massachusetts, and the Settlers) in order to avoid protracted litigation (United States District
Court, 1989). The work to be implemented under the CD will provide for containment and/or
treatment of hazardous substances in the soils, air, and ground water at the Site in a manner
consistent with the Record of Decision (ROD). The Consent Decree provides for the
responsible parties to assume the costs of the present remedial activities, and also provides
for the financing of any necessary future remedial activities. Completion of the GSIP RI
and submittal of the RI report to the USEPA fulfills a major requirement of the CD.

The GSIP RI was performed in response to sections 106 and 107 of the Comprehensive
Environmental Response, Compensation and Liability Act (CERCLA), 42 U.S.C. ss 9606,
9607, and Section 7003 of the Solid Waste Disposal Act (SWDA) 42 U.S.C. ss 6937; and the
Massachusetts Oil and Hazardous Material Release Prevention and Response Act,
Massachusetts G.L. c. 21E, the Massachusetts Hazardous Waste Management Act, G.L. c.
21C, the Massachusetts Clean Water Act, Massachusetts G.L. c. ss 27 (14), and the
Massachusetts Solid Waste Management Act, G.L. c. 21H. The USEPA, the Commonwealth
of Massachusetts, and the ISRT entered into the CD under requirements of Section 122 (d)
(2) of CERCLA and 28 C.F.R. ss 50.7.

The GSIP RI Study Area is located approximately 10 miles north of Boston, Massachusetts.
The Study Area encompasses the 245-acre Industri-Plex Site (Site) and contiguous areas shown
on Figure 1.
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The purpose of this report is to present results of the RI and to provide all information
necessary to support development of the applicable remedial alternatives (as defined in the
GSIP RI Work Plan) during the Feasibility Study (FS). Results of the Pre-Design Investigation
(PDI) performed by Golder Associates, Inc. (Golder) are integrated with results of the GSIP
RI and are presented in this report where appropriate.

1.1 Purpose of Report

1.2 Site Background

The Site is located in an industrial park in the northwest corner of Woburn, Massachusetts,
near the intersection of two major highways, Route 93 and Route 128. The 245-acre Site
is dissected by the Aberjona River and its tributaries, including Hall’s Brook, which discharge
to the Mystic River.

From 1853 to 1863 the Woburn Chemical Company operated on the Site. In 1863 the
Merrimac Manufacturing Company (Merrimac) purchased the Woburn Chemical Company
and merged into the Merrimac Chemical Company. The Merrimac Chemical Company
produced sulfuric acid and other chemicals for use in local textile mills, and the leather and
paper industries. Merrimac was also the largest producer of arsenic pesticides in the United

States during this period.

In 1915 Merrimac established a subsidiary, the New England Manufacturing Company which
produced organic chemicals. In 1929 Merrimac was purchased by Monsanto Chemical

Company and all Merrimac chemical operations were terminated by 1931.

In 1934 the property was sold to the New England Chemical Company. New England
Chemical Company constructed and operated a glue manufacturing plant which was
subsequently purchased by Consolidated Chemical Company in 1936, and then by Stauffer
Chemical Company in the late 1950s. Stauffer Chemical Company (Stauffer) operated the
glue plant until 1969.

The glue manufacturing process utilized raw animal hides and water-chrome-tanned hides

from local leather manufacturers and produced glue by boiling them in vats and then

concentrating the extract through evaporation and drying. Sodium hydroxide, sulfuric acid,
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and magnesium carbonate were used to speed the extraction process. Hide residues Eoll.
the extraction process were buried in pits on the property. Wastewater from the washing
and disinfecting processes was sent first to a settling lagoon to remove suspended solids and

grease, and then to the municipal sewer system.

In 1969 Stauffer sold about 149 acres of the property to the Mark Phillip Trust and the
remaining 35 acres were sold to others. In the 1970s Mark Phillip Trust began developing
the Site for further industrial use. Excavation activities during this development created
noxious odors, and nearby residents registered complaints. In 1979 the USEPA obtained a
court order to stop further development activities, and in 1981 the Site was listed on the
Superfund Interim List of 115 Top Priority Hazardous Waste Sites.

On May 25, 1982, the USEPA and the Massachusetts Department of Environmental Quality
Engineering (DEQE) signed a Consent Agreement with Stauffer Chemical Company requiring
Stauffer to undertake a site investigation and recommend a remedial action.

In 1983, Phase 1 of a Remedial Investigation (RI) was completed by Stauffer Chemical
Company. The study defined the areal extent of the waste deposits, determined the chemical
composition of the waste, and measured concentrations of organic compounds and metals
inthe ground water. The Phase 2 (RI) subsurface investigation, conducted by Roux Associates
during 1983, further delineated the extent of inorganic and organic compounds at the Site.
Roux Associates modeled movement of the plume of benzene and toluene in the ground water
and concluded that the presence of the two compounds in the aquifer was due to unauthorized
disposal, probably after 1969.

Malcolm Pirnie conducted a FS for the Site, and in 1985 recommended that remedial action
consist of pumping ground water at the Site boundary, treating it and discharging it to surface
water, capping the East Hide Pile and collecting and treating the emitted gases, and capping
all other areas of potential direct contact.

The ROD for the Industri-Plex Site was issued by USEPA Region 1 on September 30, 1986
and the CD covering implementation of the remedy was entered by the U.S. District Court
on April 24, 1989. The remedy for soils containing metals above action levels is installation
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of a permeable cover consisting of a geotextile barrier and 16 inches of clean soil. This cover
will extend over most of the Site west of Commerce Way. Sediments with metal concentrations
above action levels will be removed by dredging unless they contain odorous substances.
Odorous substances are present in most of the surface-water bodies and drainways on-site
and they will be remediated by the installation of a cover (e.g. Lower South Pond), installation
of concrete channel liners (e.g. 1-93 Drainway) or culverts (e.g. West Branch of the Aberjona
River). An impermeable cover will be installed on the East Hide Pile to collect odorous
gases. These gases will be routed to a shrouded flare for thermal oxidation.

The interim remedial action for ground water is a pump and treat system. Four hydraulic
barrier wells will be installed along Boston Edison Right of Way Number 9 to control
downgradient migration of VOC and metal-containing ground water. A total of three "hot
spot” recovery wells will be instalied. Two wells will be located in the benzene/ toluene plume

__ariginating near the-intersection of Commerce Way and Atlantic Avenue. One well will be
installed i  in th the arsenic/chromium plume migrating away from ther’West Hide Pite. The

———— e - "“"———,._
recovered ground water will be treated to remove odors, metals and organic constituents and

routed to a ground-water recharge basin equipped with a surface-water overflow. A ground-
water monitoring program will be developed and implemented to determine the effectiveness

of the ground-water extraction system.

The PDI was performed by Golder Associates Inc. from 1990 through 1991 to develop site-
specific data necessary to support design of the remedy specified in the CD. Data obtained
during the PDI focused on determination of the extent of hazardous substances in soils,
sediments, and surface water; geotechnical data needs relating to the capping of the hide
piles and the interim ground-water remedy (pump and treat); performance of a baseline air
survey; hide pile gas treatability; and sediment/wetland remediation. Results of the PDI were
summarized in a report titled "Pre-Design Investigation Final Report, Industri-Plex Site,
Woburn, Massachusetts" submitted to the USEPA and the Massachusetts Department of
Environmental Protection (MDEP) during April 1991 (Golder Associates, Inc., 1991).

The Remedial Design (RD) program was initiated during 1990 by Golder Associates Inc.

The Preliminary Design Report (PDR) was submitted to the USEPA and the MDEP on
October 1, 1990. The Preliminary Design Report (30 percent design) Response to Comments
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document was submitted to the USEPA and the MDEP on January 21, 1991, Additional
site investigations were performed to develop hydrogeological information necessary for a
preliminary extraction system design which is presented in the 30 Percent Design Supplement
Report submitted on February 14, 1991 (Golder Associates, Inc., 1991).

The 60 Percent Design Report was submitted to the USEPA and the MDEPduRMlT
1991 (Golder Associates, Inc,, 1991). The 60 Percent Design Report provides additional
engineering design details regarding the ground-water extraction, surface-water management,

permeable cover design, streams and wetlands remediation, and hide pile gas collection and
treatment system.

1.3 Report Organization

This RI report is organized according to the format proposed in the GSIP RI Work Plan
which is consistent with "Guidance for Conducting Remedial Investigations and Feasibility
Studies Under CERCLA". Results of the ground-water, surface-water, and stream-sediment
investigations are presented in Sections 3.2 through 3.4, respectively. Results of the metals
mobility study are discussed in Section 3.5, and the risk assessment is presented in Section 4.0.

A summary of RI results and conclusions relative to objectives of the GSIP Rl are provided
in Section 5.0.

All field activities were performed in accordance with requirements of the GSIP RI Work
Plan and Roux Associates Standard Operating Procedures (SOPs). The SOPs and field change
documentation (approved by the USEPA) are provided in Appendix A. All supporting
documentation is provided in the appendices (Appendices B through G) and depicted on
Plates (Plates 1 through 23). In addition, data are summarized in tables (Tables 3-1 to 3-29,
and 4-1 to 4-48), figures (Figures 1 through 57) and in overlays (Overlay 1 through4) to convey
an understanding of hydrogeological conditions and the extent of inorganic and organic
compounds in the media studied. The ground-water (GSIP RI and PDI), surface-water and
stream-sediment data are provided as a dBase III+ file on disk at the end of Volume 1.
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2.0 STUDY AREA INVESTIGATIONS
Obijectives of the GSIP RI are outlined below.
*  Define ground-water, surface-water and sediment quality coming onto the Site.
*  Define ground-water, surface-water and sediment quality leaving the Site.
¢ Determine potential impacts of constituents released on-site to downgradient water
use, based on the results of the above objectives.
. Determine if metals could become mobile in the future and, if so, what risks they

represent to human health and the environment.

2.1 Ground-Water Investigation
As outlined in the GSIP RI Work Plan (page H-2), objectives of data collection efforts for
the ground-water investigation were to provide site-specific information that can be
incorporated by the USEPA into the MSGWRP required in the September 1986 ROD. The
scope of the ground-water investigation described in the GSIP RI Work Plan is consistent
with objectives of the MSGWRP, which includes the following:

J to evaluate on-site and off-site conditions;

* to identify and characterize possible source areas; and

*  to define the upgradient aquifer conditions influencing ground-water quality in the

portion of the aquifer investigated during the Stauffer study (Stauffer, 1983).

Specific tasks that were performed to achieve these objectives are outlined below.

*  Installed three additional observation wells.

*  Measured water levels in all on-site wells and surface-water staff gauges, and
constructed a ground-water elevation and flow direction map using surface-water
elevation data.

¢  Collected ground-water samples for water quality analysis from new and existing
wells.

. Determined chemical forms of arsenic, lead, chromium, and mercury.

e  Evaluated the interrelationship of ground water and surface water/sediment.

¢ Developed a more complete understanding of the aquifer.
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As outlined in the GSIP RI Work Plan, results of these investigations will provide site-specific

information which can be incorporated in the MSGWRP as required by the September 1986
ROD.

22 Surface-Water/Stream-Sediment Investigation

The objective of the surface-water and stream-sediment investigation, as defined in the GSIP
RI Work Plan, was to evaluate the extent and characteristics of metals and o jcs in the
surface drainage system on-site and in surrounding upgradient and downgramaﬂm
the drainage basin within the Study Area. This objective is consistent with objectives of the
MSGWRP.

The following tasks were performed to achieve these objectives.
»  Sampledsurface water (dissolved and total) and sediment at 17 location for analyses
of selected metals and organic compounds.
*  Sampled and analyzed water and sediments at two locations in each trunk sewer
line passing through the Site.
. Measured stream flow, rate, and volume at each sampling location.
*  Inventoried existing discharges.

2.3 Metals Mobility Study
The objective of the metals mobility study as outlined in the GSIP RI Work Plan (page H-1)
was to identify the factors that govern the mobility of arsenic, chromiumn, lead, and mercury
at the Site. The following tasks were performed to achieve this objective.
»  Determined the environmental mobility and fate of arsenic, chromium, lead, and
mercury through evaluation of the literature.
¢  Evaluated the existing arsenic, chromium, lead, and mercury database.
»  Identified and measured the critical chemical and physical parameters controlling
the mobility of arsenic, chromium, lead and mercury in ground water.
*  Determined the chemical species of arsenic, chromium, lead, and mercury present
in ground water at the Site.
. Evaluated the current and future mobility of arsenic, chromium, lead, and mercury
based on information obtained during execution of the tasks described above.
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2.4 Human Health Evaluation/Ecological Evaluation
The scope and objectives of the human health and ecological evaluations are outlined in the
following sections.

2.4.1 Human Health Evaluation

The objective of the human health risk assessment was to determine the extent to which
ground-water and surface-water conditions, as delineated during the GSIP RI and the PDI,
may affect human health, welfare, or the environment.

The findings of this study will be used to assess whether further remedial action is required
at the Site. If a determination is made that further remediation is necessary, the health risk
data developed during this study will form a basis for determining the extent of remediation

that must be performed to address human health concerns.

The human health risk assessment was developed in accordance with the USEPA guidance

documents listed below.

"Risk Assessment Guidance for Superfund" (USEPA, 198%¢).

"Supplemental Risk Assessment Guidance for the Superfund Program” (USEPA,

1989a).

¢  "Superfund Exposure Assessment Manual" {USEPA, 1988).

e  "Exposure Factors Handbook" (USEPA, 1989d).

*  "Guidance for Conducting Remedial Investigations and Feasibility Studies Under
CERCLA" (USEPA, 1988).

*  "Guidance for Disposal: Site Risk Characterization and Related Phase 2 Activities"
(MDEP, 1989).

*  Health Effects Assessment Summary Tables (HEAST, 1991).

Current toxicity information was obtained from these documents and verified using available
computer-based toxicity files (IRIS, RTECS). Media concentrations, of the various constituents

of concern, required to conduct the human health risk assessment were collected during the
GSIP RI and the PDL
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The risk assessment includes the following general components:

Hazard Identification;
Dose-Response Assessment;
Exposure Assessment; and
Risk Characterization.

2.4.2 Ecological Evaluation

The objectives of the ecological evaluation were to:

identify the types of habitats, organisms, and communities on 0%(1 the Site;
evaluate the nature and extent of organic and inorganic compou

o Ary

determine if there is an adverse (or beneficial) relationship between the above two

elements.

The ecological evaluation was performed in accordance with the structure and methodologies

outlined in the following USEPA guidance documents.

ROUX ASSOCIATES INC

"Biological Field and Laboratory Methods for Measuring the Quality of Surface
Waters and Effluents” (USEPA, 1973),

"Water Quality Assessment: A Screening Procedure for Toxic and Conventional
Pollutants" (USEPA, 1982).

"Quality Criteria for Water". Office of Water Regulations and Standards,
Washington, D.C. (USEPA, 1986a).

"Ecological Assessment of Hazardous Waste Site: A Field and Laboratory
Reference" (USEPA, 1989b).

"Risk Assessment Guidance for Superfund. Volume II: Environmental Evaluation
Manual" (USEPA, 1989%¢).

“Standard Methods for the Examination of Water and Wastewater" (APHA, 1980).
"User’s Manual for Ecological Risk Assessment” (ORNL, 1986).
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3.0 RESULTS OF THE RI INVESTIGATION

The GSIP RI field investigation was performed from March 1990 through September 1991.
The results of the field investigation were evaluated along with the data developed during
the PDI to characterize the nature and extent of inorganic and organic compounds in ground
water, surface water and stream sediments. These data were used to evaluate the mobility
of metals within the Study Area and to perform a human health evaluation and ecological
evaluation. The results of the field investigation, including the metals mobility study, are
summarized in the following sections (3.2 through 3.4). The results of the human health

evaluation and ecological evaluation are presented in Section 4.0.

3.1 Applicable or Relevant and Appropriate Requirements
As part of the evaluation of Applicable or Relevant and Appropriate Requirements (ARARs)
the following promulgated state and federal standards and regulations were identified.

Federal State

Safe Drinking Water Act Safe Drinking Water Act
National Primary Drinking Water Clean Waters Act
Standards

National Secondary Drinking Groundwater Standards

Water Standards

Clean Water Act Wetlands Protection Act

Ambient Water Quality Criteria Water Quality Standards

Toxic Pollutant Effluent Standards ~ Regulations for Control of Air Pollution

Executive Order on Flood Plain
Management

Executive Order on Wetlands

Resource Conservation and
Recovery Act

Clean Air Act

The evaluation of ARARSs will be finalized during the performance of the FS and presented
in the FS report.
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3.2 Ground-Water Investigation

'The GSIP ground-water investigation was performed to determine the relationship between
ground water and surface water, and the nature and extent of inorganic and organic compounds
in the unconsolidated aquifer. The unconsolidated aquifer consists of the saturated sand and
gravel deposits (with occasional fine-grained materials [i.e., silts]} that overlie the crystalline
bedrock and/or till deposits within the Study Area. These unconsolirbRxﬂrFT'ere
deposited in low, buried valleys incised into the crystalline bedrock.

Briefly, the buried valleys consist of two minor buried valleys, one whose axis trends northeast
to southwest approximately coincident with a line extending from the vicinity of Recharge
Test Boﬁngs RB-12 and RB-13, through Observation Well OW-16, towards Observation Wells
OW-17 and OW-42. A second minor valley has an axis which trends almost north to south,
approximately coincident with a line projected between the East and West Hide Piles, through
the area between Observation Wells OW-36 and OW-37, to and along the Massachusetts
Bay Transportation Authority (MBTA) railroad tracks to Observation Well OW-14, towards
Observation Wells OW-17 and OW-42 (Plate S and Overlay 1). At the confluence of these
two minor valleys (i.e., the area around Observation Wells OW-17 and OW-42), the major
valley continues to extend in a north to south direction, through the area between Observation
Well Clusters OW-24A/OW-24B and OW-19/0W-19A, through Observation Wells OW-33A
and OW-33B, towards Observation Wells OW-27A and OW-27B (Plate 5 and Overlay 1).

Thus, the ground-water data developed during the PDI (Tasks GW-1; Delineation of the
Agquifer and GW-2; Hydrogeologic Characterization [Roux Associates, Inc., 1991 and 1990c,
respectively], and the Slug Test Report [Golder Associates, Inc., 1991a}) and the 60 Percent
Design Report (Golder Associates, Inc., 1991b) were completely incorporated into the GSIP
RI ground-water investigation report as discussed above, and as summarized in the following

sections.

3.2.1 Evaluation of the Relationship Between Ground-Water and Surface Water

The relationship between ground water and surface water was investigated to characterize
flow through the aquifer and the recharge/discharge relationships between the aquifer (ground-
water flow) and the surface-water bodies (i.e., the Aberjona River and Hall's Brook).

Information obtained on these correlations was then used to assist in understanding the
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transport of inorganic and organic compounds within the Study Area. An understanding of
ground-water/surface-water relationships was determined through the concurrent measurement
of ground-water and surface-water elevations, and the continuous measurement of ground-
water elevations in two piezometers (PZ-1 and PZ-2) and the adjacent surface-water body
{Aberjona River).

Water levels were initially measured in all observation wells on eight occasions over a 6-month
period (i.e., April 10, 1990 through September 26, 1990), and followed-up by three additional
rounds of water-level measurements taken on December 7, 1990, February 26, 1991, April
17 to 19, 1991, and May 13, 1991 (Table 3-5). In addition, surface-water elevations were
measured concurrently (with the exception of December 7, 1990 and April 17 to 19, 1991)
at surface-water sampling locations SW-1, SW-3, SW-7, and SW-14, using staff gauges (Table
3-11). The water-level data from April 10, 1990 (high-flow surface-water sampling conditions,
Plate 8) and August 13, 1990 (low-flow surface-water sampling conditions, Plate 9) were
contoured to depict ground-water flow directions and the relationship between ground-water

and surface-water elevations.

Based upon the ground-water and surface-water level data presented in Plates 8 and 9, and
Figure 2, the surface-water drainages present within the Study Area are predominately gaining
streams, (a stream or reach of a stream is gaining when the flow is being increased by the
inflow of ground water [Fetter, Jr., 1980]). As evidenced on Plates § and 9 and Figure 3,
equipotential lines (lines of equal total hydraulic head [Fetter, Jr. 1980) are deflected by the
streams such that flow lines display shallow ground water flowing towards, and discharging
into, the streams. (In the context of this report, the term "shallow," when used in conjunction
with "ground water" or "aquifer," signifies ground water at approximately the same depth below
the water-table surface as the depth of the bottom of the stream [i.e., the streambed].)
Conceptualized models of this ground-water /surface-water interaction are illustrated in Figures
3 and 4, which will be discussed in detail in Section 3.2.2.8.

A detailed understanding of the relationship of ground water to surface water on-site was

determined through collection of continnous water-level measurements at Piezometers PZ-1
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and PZ-2, and the Aberjona River. The relationship of the piezometers to the Aberjona
River is presented in Figure 5. Piezometer PZ-1 was located 25 feet (ft) and PZ-2 was located
50 feet from the Aberjona River to provide a profile of the water-table and the surface-water
elevations.

Each piezometer was constructed with a 10-ft long screen to allow for water-table fluctuations,
which were on the order of several feet (i.e., attaining a maximum of almost 4 ft for the period
of record [Plate 10]). Although the screen lengths of the piezometers are greater than the
depth of the Aberjona River (for the reasons discussed below), ground-water, 10gs are
representative of aquifer conditions adjacent to the stream, as evidenced in the Asﬁl

correlation between ground-water and surface-water elevations illustrated on Plate 10.

As illustrated in Figure 5, Piezometer PZ-1 is screened across a section of sediments ranging
from gravel to clay (i.e., coarse-grained to fine-grained), interbedded with some peat and
hides, and Piezometer PZ-2 is screened across a silty sand zone. It is evident from Figure 5
that the lithology changes rapidly over a short distance (e.g. the 25-ft distance between
Piezometers PZ-1 and PZ-2), and the aquifer matrix within the area along the Aberjona River,
where discharge and recharge relationships between the aquifer and the river were
investigated, is also likely to change with distance.

As presented in the subsequent discussion on, and calculation of, ground-water flow (flux)
into the Aberjona River from the aquifer, this geologic variability was taken into account
in order to provide an estimate of the range of flux into the Aberjona River. This was
accomplished by using a hydraulic conductivity from published and field data that is
representative of the general lithology of the area through which the flux was calculated, and
using a range in the hydraulic gradients between ground-water elevations measured in

Piezometer PZ-1 and surface-water elevations measured in the Aberjona River.

Elevations of the ground water in Piezometers PZ-1 and PZ-2 are consistently higher than
the surface-water level in the Aberjona River, which indicates that shallow ground-water flow
is towards, and into, the Aberjona River (gaining stream) from April 1990 through November
1990 (Plate 10). The only periods when this relationship is reversed is during rainfall and
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associated high runoff events (i.e., July 25, August 12, and October 14, 1990), when surface-
water flow was from the Aberjona River into the water-table aquifer. However, as indicated
by the data base (Plate 10), these are short-term events, and the Aberjona River is

characteristic of a gaining stream.

Water-level data obtained from synoptic and continuous measurements during the GSIP
indicate that shallow ground water discharged to surface water during the period of
measurement (April 1990 through May 1991) except during rainfall and runoff events. This
relationship is apparently maintained throughout seasonal changes in precipitation, as
illustrated on Plates 8 and 9, and Figure 2, which depict water-table maps on April 10, 1990,
August 13, 1990, and May 13, 1991, respectively, and as provided in Table 3-5 which provides
water-elevation data from April 10, 1990 to May 13, 1991. Although the magnitude of the
heads in the flow system differ, the direction of ground-water flow remains essentially the
same with shallow flow towards and into the streams. This finding implies that where gaining
surface-water drainages intercept shallow ground-water (i.e., ground water at approximately
a depth equivalent to the stream bottom) containing inorganic and organic compounds, these
compounds are likely to discharge to surface water.

Additional information was developed regarding the relationship between surface water and
ground water during the performance of the PDI. The constant-rate (pumping) test results
indicated that in the area of the unconsolidated, water-table aquifer where the test was
performed (south of Digital Equipment Corporation), Hall’s Brook is a recharge (induced-
infiltration) boundary to the aquifer. This was evidenced in the water levels measured and
plotted for Termnporary Well TW-5, which showed that the drawdown in Temporary Well TW-5
decreased and flattened as surface water infiltrated through Hall’s Brook stream bed into
the cone of drawdown created by Pumping Well PW-1 (Roux Associates, Inc.,, 1990b).
However, Hall’s Brook is not a constant-head boundary because the brook only penetrates
a few feet (e.g. approximately 3 ft in the test area) into the total saturated thickness of the
water-table aquifer (e.g. approximately 40 ft to 60 ft in the test area) (Plate 5).

An estimate of the flux of ground water discharging to the surface-water body (between

Piezometers PZ-1 and PZ-2 and the Aberjona River; and Staff Gauge SW-17) was determined

to develop an estimate of the mass of organic and inorganic compounds that may be

ASSOCIATES
ROUX mNC MO06609Dy. 1Da. 3r



-15-

discharging to the Aberjona River (Section 4.0, Risk Assessment). As specified in the GSIP
Work Plan, the volume of ground-water discharge was calculated using Darcy’s Law in the

following manner, as described by Fetter, Jr. (1980):
Q=KIA
where: discharge (flow) rate [L* T]
hydraulic conductivity [L? T"']
hydraulic gradient {LL"]
cross-sectional area [L?]

RO

oo

Dg

Hydraulic conductivity (K) values were obtained from published sources and fﬁgaz
According to Freeze and Cherry (1979), values for K for silt/clay materials to sand/gravel
materials range eight orders of magnitude, from 10 gallons per day per square foot (gpd/ft®)
to 10° gpd/ft’. Because of the range in the size (grain) of the sediments encountered at
Piezometer PZ-1 (i.e., clay with gravel, to sand with gravel and siit), the low and high values
were not considered to be representative of the flow system, and the median value of 10?
gpd/ft* was preliminarily chosen because it represented materials that were neither too coarse-
grained nor too fine-grained (i.e., representative of a sand with silt). Furthermore, this value
was considered representative based upon the following: 1) the lithology encountered in the
borehole for Piezometer PZ-2, which consists of finer-grained sand with silt; 2) the vaniability
of the aquifer matrix over short distances (e.g. the 25-ft distance between Piezometers PZ-1
and PZ-2; 3) the fact that the K had to representative of the distance over which the discharge
calculation was made (i.e, approximately 270 ft); and 4) that, in the event that the aquifer
matrix is finer-grained than anticipated and has a K less than 107 gpd/ft?, the calculated flux
into the Aberjona River would be overestimated, and thus represent a conservative flux
because the K for sand with silt is greater than that for finer-grained sediments such as clay
with gravel. Additionally, a K of 280 gpd/ft* was calculated for Temporary Well TW-3S (Roux
Associates, Inc., 1990b) from the pumping test conducted on October 31 through November 2,
1990. The sediments encountered in the borehole for Temporary Well TW-3S were fine to
medium sand with silt. Because these materials, which were present at the location of
Piezometers PZ-1, and predominant at the location of Piezometer PZ-2, are neither too coarse-
grained nor too fine-grained, and the value of 280 gpd/ft® corroborates the preliminarily
selected published value from Freeze and Cherry (1979), the value for K of 200 gpd/ft* was
used in the flux analysis.
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The hydraulic gradient (I) (i.e., the change in water-level elevations [Ah] divided by the change
in distance in a given direction [Al] [Fetter, Jr., 1980]) was calculated using Ah values for
Piezometer PZ-1 and the Aberjona River. With a Al of 25 ft (i.e., the distance between
Piezometer PZ-1 and the Aberjona River), values for I were calculated for water-level
elevations on April 10, 1990 and August 13, 1990. The Ah for April 10, 1990 was 0.55 ft
(63.04 ft [Aberjona River] subtracted from 63.59 [Piezometer PZ-1}), and the Ah for August 13,
1990 was 0.66 ft (63.32 ft [Aberjona River] subtracted from 63.98 [Piezometer PZ-1]). Thus,
the calculated I values range from a low of 0.022 ft/ft to a high of 0.026 ft/ft, (and average
at 0.024 ft/ft).

The cross-sectional area of flow was calculated using the approximate depth of the Aberjona
River of 1.5 feet multiplied by the approximate length (distance between Piezometers PZ-1
and PZ-2 to Staff Gauge SW-17) of 270 ft, (i.e., approximately 405 ft?).

Based upon these data the range of discharge to the Aberjona River, within this 270 ft reach,
is from 1,782 gallons per day (gpd) to 2,948 gpd, and averages 2,365 gpd. These low, high,
and average values are equivalent to 6.6 gpd/linear ft of river, 10.9 gpd/linear ft of river,
and 8.8 gpd/linear ft of river, respectively. All supporting calculations are provided in
Appendix E. These discharge data were used in Section 4.0 to calculate the loading (i.e.,
the mass of organic and inorganic compounds discharging) to the Aberjona River from the
ground water along this reach of the river.

3.2.2 Evaluation of Ground-Water Flow

Ground-water flow conditions were evaluated during the GSIP RI to assist in understanding
the transport of inorganic and organic compounds through the unconsolidated aquifer {and
into the streams) within the Study Area. The GSIP RI data collection efforts consisted of
the measurement of water levels in ail observation wells (GSIP RI, and PDI wells) over an
initial minimum 6-month period to ensure that ground-water elevation data were developed
during the range of fluctuations expected to be encountered during the study period. However,

four additional synoptic rounds of water-level measurements were taken (one in December
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1990, February 1991, April 1991, and May 1991), providing water-level data for all four
seasons. In addition, water-level elevations were measured in adjacent surface-water drainages
to ensure that ground-water /surface-water relationships were understood, and ground-water
elevation (head)-and-flow conditions in the aquifer were representative of Study Area
conditions.

Moreover, as required by the GSIP Work Plan, and where appropriate, Q}%drogeologic
data developed as part of the PDI were integrated into the GSIP prograstf xﬂﬁ\]]sc that
program objectives were met (i.e., the collection of on-site and off-site hydroge(hg gif and
water-quality data needed to characterize the flow system). The data developed as part of
the PDI tasks, and incorporated into the evaluation of hydrogeological conditions within the
Study Area, include Delineation of the Aquifer (Task GW-1/Subtask 1) (Roux Associates,
Inc., 1990), and Hydrogeologic Characterization (Task GW-2/Subtask 1 and Subtask 2) (i.e.,
the constant-rate [pumping] test report (Roux Associates, Inc., 1990).

The pumping test was key to the understanding of ground-water flow, because the objectives
of the pumping test were, as stated on page 72 of the PDI Work Plan (1989), to "quantify
the hydraulic coefficients and characterize the boundary conditions of the flow system in order
to design and operate a ground-water extraction system.” The pumping test addressed these
objectives by providing information on the guantification of the hydraulic coefficients of the

flow system and on the characterization of the boundary conditions. (Roux Associates, Inc.,
1990b).

Pumping test results indicated the following hydrogeologic conditions:

»  the flow system becomes more prolific with depth, as evidenced by the K values
which increase in depth in the aquifer;

¢  there is no change in directional transmissivity (T} and K, as values for these
coefficients are similar for wells screened in similar depths of the water table,
regardless of the direction from the pumping well (i.e., parallel, perpendicular, or
oblique to the main buried valley walls);

*  no-flowboundaries were not encountered, as indicated in the "S" shaped time versus
drawdown plots for Temporary Well Clusters TW-15/TW-1D through TW-4S/TW-
4D, and Observation Well Cluster OW-19A/OW-19B {i.e., there were no additional

ROUX ASSOCIATES INC MO06609Dy. 1Da.3r



-18-

breaks [sudden and sustained increases] in the time versus drawdown plots for the
above-mentioned temporary well clusters and observation well cluster, which
indicates the cone of drawdown intercepting a no-flow boundary); and

e  Hall’s Brook is a recharge boundary to the aquifer under pumping conditions near
the Brook, as evidenced by the water levels measured and plotted for Temporary
Well TW-5, which showed that the drawdown in temporary well decreased and
flattened as surface water through Hall’s Brook stream bed infiltrated into the cone
of drawdown created by Pumping Well PW-1 (Roux Associates, Inc., 1990b).

Thus, the flow system becomes more prolific with depth, no-flow boundaries were not
evidenced, and no directional Ts and Ks were indicated within the area of the pumping test.
Although Hall’s Brook was determined to be a recharge boundary in the context of induced
infiltration under the influence of a pumping stress, Hall’s Brook is not a constant-head
boundary because the Brook only penetrates a few feet (e.g. approximately 3 ft in the test
area) into the total saturated thickness of the water-table aquifer {e.g. approximately 40 ft
to 60 ft in the test area) (Plate 5).

3.22.1 Stratigraphy/Aquifer Characteristics

In order to develop a comprehensive understanding of ground-water flow conditions
(conceptual flow model) a detailed framework of the lithology and geometry of the
unconsolidated aquifer was developed. The extent of the following geologic materials
encountered within the Study Area was mapped, as depicted in geologic Cross-Sections A-A’
through E-E’ (Plates 2 and 3) and in the surficial geologic map of the Study Area (Plate 4).

1.  Crystalline Bedrock - Crystalline bedrock is present as outcrops on-site and can
be encountered up to 108 ft below land surface in the southern portion of the Study
Area. The variations in depth to bedrock are primarily a function of bedrock
topography as the land surface is relatively flat.

This bedrock is comprised of igneous units which have undergone low grade
metamorphism and several periods of deformation to form granodiorites and gabbros
(Barosh, et al, 1977). During the installation of the observation wells during the
PDI it was observed that the bedrock was fractured within the upper 3 ft and
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became more competent with depth. However, the fractures were filled with either
calcite (effectively sealing the fractures) or sand. The presence of filled fractures
is consistent with the observation that the yields of the bedrock wells are generally
less than 3 gallons per minute (gpm) (Stauffer, 1983).

2. Glacial Till - The glacial till (Qgm) overiies the bedrock along the yalley walls and
in the northern portion of the Study Area. The glacial till is enco depths
up to 32 ft below land surface, and can be as much as 35 ft thick. The t&ﬁ
from the axis of the buried valley because the till was deposited as lodgement d
Pleistocene time {Roux Associates, Inc.,, 1990a). The till consists of un.sorted,
boulders, cobbles, sand and gravel, silt and some clay. The till is dense (based upon
observations made during drilling) and has a lower permeability than the overlying
sand and gravel unit (Stauffer, 1983).

3. Sand and Gravel - The sand and gravel deposits (Qo2, Qo3, and Qo4) comprise
the unconsolidated, (water-table) aquifer within the Study Area, and represent the
greatest thickness of unconsolidated material within the buried valley. These deposits
are encountered at depths ranging from land surface to 10 ft below land surface,
and attain a maximum thickness of 115 ft within the southern portion of the Study
Area (Plate 3). These deposits are glacial outwash, and consist of fine sand and
coarse gravel with silt, silt lenses and some cobbles. The sand and gravel deposits
are considered the most permeable based upon observations made during drilling
and aquifer testing during the PDI.

4.  Peat and Swamp Deposits - A thin, discontinuous unit of peat and swamp deposits

(Qsd) are present in the northern, southern, and central areas of the Study Area.
These deposits are encountered from land surface to 18 ft below land surface, and
are as much as 14 ft thick (Plate 3). They consist of peat, organic silt, clay, and fine
sand.
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5. Fill - The fill materials are generally the shallowest deposits encountered. The fill
is as much as 10 ft thick, and always occurs at land surface (Plate 3). The fill is
a mixture of construction debris, fine sands, blasted bedrock fragments, and animal
hides (on-site), and occurs above the water table.

Deposition of the till (Qgm) was over and around the remnants of glacial ice. As the next
ice front advanced, outwash of clay with some interbedded sand and gravel was deposited
in ponded water or marine embayments. This sequence (Qo2}) is interpreted as lake deposits
and associated stream deposits. The retreat of the ice sheet was the source of the glacial
outwash deposits (Qo3) which are interpreted as predominantly braided stream deposits which
deeply incise the earlier and broader valley. The final retreat of the glaciers coincided with
the last outwash deposition (Qo4) which is thought to represent lake or pond sediments and
alluvial fans. Late glacial streams eroded the valley where present streams, such as the
Aberjona River, now flow. Since the last of the glacial ice melted some clay, silt, sand, gravel,
and peat (Qsd) were deposited in lows occupied by streams, ponds and marshes (Roux
Associates, Inc., 1990b).

The hydraulic conductivity (K) of the sand and gravel deposits (Qo2, Qo3, Qod4) was
determined through the performance of a pumping test, as part of the PDI. This tesi was
performed to develop data to support the design of the extraction well system specified in
the Remedial Design Action Plan (RDAP) in the CD. The design of the step-drawdown
(step test) and pumping test was outlined in the Work Plan developed by Roux Associates
titled "Aquifer Test Work Plan, Task GW-2/Subtask 1, August 21, 1990" and the agreed to
changes to that Work Plan (DeCillis, pers. comm., 1990). The results of the pumping test
are summarized in the report titled "Pre-Design Investigation, Task GW-2, Hydrogeologic
Characterization for the Extraction/Recharge System, Interim Final Report, Industri-Plex
Site, Woburn, Massachusetts" (Roux Associates, Inc., 1990b).

The results of the pumping test are summarized in Table 3-4. These data indicate that the
Qo3 unit, which is the thickest and most extensive lithologic unit present underlying the Study
Area, has a K ranging from 1,392 gpd/ft* to 2,335 gpd/ft*. Moreover, K increases with depth
in the unconsolidated aquifer (e.g. 280 gpd/ft* for the upper portion of the water-table aquifer
[Temporary Well TW-3S], to 530 gpd/ft* to 990 gpd/ft’ for the middle portion of the water-
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table aquifer [Temporary Well TW-15/TW-2S and TW-4S, respectively], to 1,400 gpd/ft’
to 2,600 gpd/ft for the lower portion of the water-table aquifer Observation Well OW-19
and Temporary Well TW-4D, respectively] {(Roux Associates, Inc., 1990b}).

These calculated K values, especially those representative of the coarser (lower) portion of
the water-table aquifer, corrobarate published values developed south of Q d} Area,
Pumping tests were conducted in Wells G and H, which are located south of the’ﬁf@?‘
test Study Area. Hydraulic conductivities calculated from the Wells G and H pumping test
ranged from 935 gpd/ft® to 2,618 gpd/ft* (Myette, et al., 1987). These hydraulic conductivity
values are similar to, or within the range of the K values obtained from the pumping test
within the Study Area, and are therefore considered representative of similar deposits in the
unconsolidated aquifer.

In addition to the hydraulic conductivity data developed as a result of the pumping test and
from published data, qualitative measurements of hydraulic conductivity were obtained from
Golder from slug tests run in 30 observation wells and temporary wells (Golder Associates,
Inc., 1990). The results from the wells used in the pumping test indicate that the K values
obtained from the slug tests for the wells tapping the shallower portion of the water-table
aquifer (i.e., Temporary Wells TW-1S, TW-2S, TW-38S) are, for the most part, similar to the
K values obtained from the pumping test for these respective temporary wells (Table 3-4).
However, the K values obtained from the slug tests for the wells tapping the deeper portion
of the water-tabie aquifer (i.e., Temporary Wells TW-1D, TW-2D, TW-3D), are different
from the K values obtained from the pumping test. The K values from these slug tests (i.e.,
the deeper wells) are one order of magnitude to two orders of magnitude lower than the K
values from the pumping test. Because the upper portion of the water-table aquifer has K
values that are relatively low when compared to the K values of the lower portion of the water-
table aquifer, the differences between shug test K values and pumping test K values for the
lower portion of the water-table aquifer are as expected. Slug tests were designed for less
prolific aquifers as a means of determining K under nonpumping test conditions; furthermore,

slug tests measure K on a relatively small portion of the aquifer (relative to pumping tests)
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(Bouwer, 1978). Thus, the more prolific the aquifer, the less likely that the slug test K values
will be representative of the actual K. In addition, the greater the distance between a pumping
well and the observation wells (of a pumping test), the more the K is an integrated value
over those distances as compared to a K developed from a single well tapping a small, discrete

zone of the aquifer.

3.2.2.2 Aquifer Geometry

The unconsolidated aquifer which underlies the Study Area is defined as those areas of the
aquifer where the unconsolidated materials exceed approximately 10 ft in saturated thickness.
However, this does not preclude portions of the unconsolidated deposits with saturated
thickness less than, or approximately equal to, 10 ft from being saturated, and part of the
flow system.

The limits of the unconfined aquifer (i.e., areas of the flow system where the saturated
thickness is in excess of 10 ft) were determined from the borehole data obtained during the
RI, GSIP R], and PDI. The approximate areal extent of the saturated unconsolidated deposits
greater than 10 fi thick are shown in Plate 6, and the areal extent of the aquifer is illustrated
on Overlay 1. Water-table fluctuations within the on-site area of Piezometers PZ-1 and PZ-2
range from 65.24 ft to 62.00 ft for Piezometer PZ-1, and range from 64.88 ft to 62.29 ft for
Piezometer PZ-2. The higher values of each range correspond to brief periods of high
precipitation events when the Aberjona River is a losing stream. That is, ground-water
elevations are increased as a result of recharge from the stream (as well as recharge from
the precipitation event). However, as previously discussed, the Aberjona River is characteristic
of a gaining stream (Plate 10). Regardless of the influent (losing stream) or effluent (gaining
stream) nature of the Aberjona River, ground-water elevations can range from approximately
3.24 ft (Piezometer PZ-1) to about 2.59 ft (Piezometer PZ-2). Asthe water-table fluctuations
within the Study Area vary, areas of the saturated unconsolidated (less than 10 ft in thickness)
may become unsaturated during periods of low precipitation and infiltration. Consequently,
only those areas that exceed 10 ft in saturated thickness are considered as part of the aquifer.

The buried valley, which controls the direction of flow of ground water in the unconsolidated

aquifer, is part of the Fresh Pond Buried Valley. The Fresh Pond Buried Valiey, which formed
prior to the last period of glaciation of the region, has been traced from Wilmington to Boston,
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Massachusetts and in general coincides with the axis of the Aberjona River (Chute, 1959).
Based upon the data obtained during the drilling of soil borings and the installation of
observation wells during the PDI the GSIP RI and geologic mapping, the buried valley is
approximately 2 miles in width and over 100 ft in depth within the Study Area.

Glacial deposits form stratified drift sequences of unconsolidated sediments withi ti

buried valley, and thin discontinuous till layers cover highlands in and around the valley. gf: 7'
presence of an inner gorge incised into the valley floor suggests at least one uplift of the land

or the lowering of the sea level during the formation of the Fresh Pond Buried Vailey. A
tributary to the main axis of the buried valley underlies the area near (east of) Hall’s Brook,

and is represented as a thickening of the saturated unconsolidated deposits along the
northwestern portion of the Site (Plate 6). . |

-

< ~
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This main axis of the bedrock surface is illustrated on Plate 5 and Overlay 1. A detailed
discussion pertaining to the buried valleys and their respective axes in conjunction with their
influence on ground-water flow was provided in Section 3.2.

In order to depict the influence of the buried valley on the occurrence of the sand and gravel
deposits which comprise the unconsolidated aquifer, a net sand isopach map was generated
as part of the PDI (Roux Associates, Inc., 1990a). The map was developed from all of the
RI, GSIP RI and PDI observation wells and soil borings borehoie lithology logs, and represents
the total thickness of sand within the unconsolidated aquifer. The net sand isopach shows
a major depositional trough (represented by an area of thick net sand) which corresponds
to the axis of the main buried valley. Well sorted, coarse grained sands were deposited through
the central portion of the Study Area, and are coincident with the present course of the
Aberjona River. The west side buried valley tributary consists of the on-site minor valley (as
discussed below) and the off-site main valley which appears to be associated with Hall’s Brook,
and is represented by the thick net sand isopach in the northwest portion of the Study Area
(Plate 7) (Roux Associates, Inc., 1990a). The axis of this combined minor and main buried
valley, trends almost north to south, beginning as an on-site minor valley approximately
coincident with a line projected between the East and West Hide Piles, through the area
between Observation Wells OW-36 and OW-37, to and along the MBTA railroad tracks to
Observation Well OW-14, towards Observation Wells OW-17 and OW-42. Within this area
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(Observation Wells OW-17 and OW-42) is a confluence with a second minor valley (trending
northeast to southwest, as previously discussed in Section 3.2), and the major valley continues
to extend in a north to south direction, through the area between Observation Well Clusters
OW-24A/0OW-24B, and OW-19/OW-19A, and through Observation Well Clusters OW-
33A/OW-33B, towards Observation Well Cluster OW-27A/0OW-27B (Plate S and Overlay 1).

Data developed during the PDI and the GSIP Rl indicate that the extent of the unconsolidated
aquifer is defined by the limits of the remnant buried glacial valley incised into bedrock. Five
depositional cycles have been recognized within the aquifer, and hydraulic characteristics
vary within these sequences {Roux Associates, Inc., 1990a).

32.2.3 Saturated Extent of the Aquifer

As previously discussed, the areal extent of the aquifer is defined as the portions of the
unconsolidated deposits that are greater than 10 ft in thickness (Plate 6). The saturated
thickness of the unconsolidated aquifer is thin in areas where outcrops of the crystalline
bedrock are present (northwest and southwest). Thinly saturated unconsolidated material

and a bedrock outcrop are also present at the southeast portion of the Study Area.

Extensive areas of shallow bedrock (subcrop), where the unconsolidated deposits may be
unsaturated depending on the season, are located on-site and oriented northeast-southwest.
Two broad areas of shallow bedrock are separated by the main axis of the buried valley.

These two areas of shallow bedrock and thinly saturated unconsolidated deposits extend from
Observation Well OW-9 to Soil Boring ATB-12, and from Soil Boring ATB-18 to Observation
Well OW-4 (Plate 6). Portions of these areas are likely not to be saturated throughout the
entire year based upon the water-level elevation data collected as part of the GSIP. For
example, the water-level elevation data collected at Observation Well OW-28 indicate ground
water was present in the unconsolidated deposits near this well (i.e., saturated conditions)
from April 1990 through May 1990, and in August 1990 and February 1991, but was essentially
unsaturated or completely unsaturated from June 1990 through July 1990, and September
1990, December 1990, April 1991, and May 1991 (Table 3-5).
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A similar observation was made at Observation Well OW-22 where water levels fluctuated
approximately 3.69 ft during the period of measurement (Table 3-5). However, the
unconsolidated deposits never became unsaturated. Although water levels and saturated

thicknesses at Observation Well OW-22 fluctuated, the unconsolidated deposits remained
saturated.

The presence of these thinly saturated areas on-site at Observation Well OW-ZSQ(" ﬂt
in the movement of ground water through the unconsolidated aquifer in these areas on an
intermittent (seasonal) basis, thus the total volume of ground water that will flow through
this cross-sectional area will be relatively low when compared to the flow of ground water
through the predominantly clean, well sorted sands and gravels which were deposited in the
axes of the buried valleys.

3.2.2.4 Ground-Water Level Fluctuations

Ground-water elevations were initially measured in all observation wells from April 10, 1990
through September 26, 1990, and then measured again on December 7, 1990, February 26,
1991, April 17 to 19, 1991, and May 13, 1991, to determine the range of fluctuations of the
water-table elevation on a seasonal basis (Table 3-5). (The expression "all observation wells"
refers to the observation wells in Table 3-5 that have a water-level records from April 10,
1990 through May 13, 1991, specifically, Observation Wells OW-1A, OW-6, OW-7, OW-10
through OW-22, and OW-28.} These data indicate that over the period of measurement,
ground-water elevations generally were at their lowest in July 1990, apparently in response
to seasonal changes in precipitation and recharge. On-site ground-water levels varied from
a high of approximately 4.285 ft (Observation Well OW-28, which goes dry) to a low of
approximately 1.44 ft (Observation Well OW-11), and averaged about 2.37 ft (Table 3-5).
Observation Wells OW-1A and OW-21, in the Study Area north of the Site, varied 3.15 ft
and 1.62 ft, respectively, with an average fluctnation in ground-water levels of almost 2.39
ft (Table 3-5). Ground-water levels in the Study Area south of the Site varied from a high
of about 1.86 ft (Observation Well OW-19A) to a low of about 1.38 ft (Observation Well
OW-7), and averaged approximately 1.58 ft. (Table 3-5).
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As expected, ground-water fluctuations on-site are greatest where the unconsolidated deposits
are the thinnest and least transmissive because head responses to aquifer stresses {e.g. changing
recharge) are most prominent in flow systems characterized by low permeability/low
transmissivity deposits. For example, Observation Wells OW-28 and OW-22 have the two
largest variations in heads over the period of measurement (Table 3-5) and are located in
the thinnest deposits of saturated unconsolidated deposits (0.8 ft and 7.2 ft, respectively
[Plate 6]). Conversely, Observation Well OW-11, which has the lowest variation in ground-
water Jevels (Table 3-5), is situated in the thickest deposits of saturated unconsolidated deposits
(34.3 ft [Plate 6]). Moreover, variations in heads over the period of measurement are greater
on-site (with an average of 2.37 ft) than in the Study Area south of the Site (with an average
of 1.58 ft). Again, this is to be expected because the flow system south of the Site is more
prolific (i.e., characterized by more permeable, thicker, and more transmissive deposits).
A representation of seasonal water-level fluctuations in on-site observation wells is illustrated
in the continuous ground-water elevation measurements recorded in Piezometers PZ-1 and
PZ-2 (Plate 10). The continuous ground-water elevation data indicate that in these two
piezometers (PZ-1 and PZ-2), ground-water elevations fluctuated by as much as 3.24 ft and
2.59 ft, respectively. The magnitude of these fluctuations are of the order of those
representative of the highest fluctuations in on-site observation wells. In summary, seasonal
fluctuations of ground-water elevations in downgradient wells are lower than those measured

on-site.

3.22.5 Ground-Water Flow Patterns

The ground-water elevation data for April 10, 1990 and for August 13, 1990 were contoured
and are presented in Plates 8 and 9, respectively, Ground-water flow patterns are influenced
by the geometry of the buried valleys and the extent and distribution of the well sorted (more
permeable) sand and gravel deposits (Qo2, Qo3, and Qo4) (Plates 2, 3, 6, and 7). The
influence of the geometry of the flow system with respect to ground-water flow is further
evidenced on Figure 2 (i.e., the May 13, 1991 water-level map) where ground-water flow is
directed towards, and channeled through, the two on-site minor buried valleys and the off-site
main buried valley. The axes of these buried valleys are essentially coincident with the major
portion of the flow field, i.e., the area of the flow field through which ground-water flow is

predominately flowing.
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The April 10, 1990 and August 13, 1990 ground-water elevation data represent ground-water
elevations measured coincident with high flow (April 1990) and low flow (August 1990)
surface-water sampling conditions. As stated above, water levels were also measured on
December 7, 1990 as part of the PDI Phase 2 program, and on Febmary 26, 1991, April 17
to 19, 1991, and May 13, 1991 to provide a synoptic round of ground-water and Q -water
measurements. The May 13, 1991 data were contoured as shown in Figure 2. Eﬁ ﬁj
water-table elevation was higher during the May 13, 1991 measurements than during the Apri

10, 1990 measurement round, which was in turn higher than the August 13, 1990 and

December 7, 1990 measurement round, ground-water flow directions are similar.

The ground-water flow directions depicted during April 10, 1990, August 13, 1990, and May 13,
1991 (Plates 8 and 9, and Figure 2, respectively) indicate that ground-water flow is influenced
by the distribution (occustence) of the thickest section of sand (Plate 7), which is, in turn,
controlled by the geometry of the buried valleys (Plate 5). Ground-water flow is from the
two minor valleys in the northern portion of the Site to the south. The on-site buried valleys
consist of two minor buried valleys, cne whose axis trends northeast to southwest approximately
coincident with a line extending from the vicinity of Recharge Test Borings RB-12 and RB-13,
through Observation Well OW-16, towards Observation Wells OW-17 and OW-42 (Plate 5).
Ground-water flow is controlled by the geometry of this buried valley, which contains thicker,
more permeable sediments than the thin (i.e., less than 10-ft thick) section of unconsolidated
deposits bounding the buried valley (Plate 7). Consequently ground-water flow is from the
northeast to the southwest towards Hall’s Brook Holding Area (Plates 8 and 9, and Figure 2).
A second minor valley whose axis trends almost north to south, approximately coincident
with a line projected between the East and West Hide Piles, through the area between
Observation Wells OW-36 and OW-37, to and along the MBTA railroad tracks to Observation
Wells OW-14, towards Observation Wells OW-17 and OW-42 (Plate 5). Again, ground-water
flow is controlled by the geometry of this buried valley, which contains thicker, more highly
permeable sediments than the thin (i.e., less than 10-ft thick) section of unconsolidated deposits
bounding the buried valley (Plate 7). As a result, ground-water flow is towards Hall’s Brook
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and Hall's Brook Holding Area (Plates 8 and 9, and Figure 2). At the confluence of these
two minor valleys (i.e., the area around Observation Wells OW-17 and OW-42), the major
valley continues to extend in a north to south direction, through the area between Observation
Well Clusters OW-24A/OW-24B and OW-19/0W-19A, through Observation Well clusters
OW-33A and OW-33B, towards Observation Well clusters OW-27A and OW-27B (Plate 5
and Overlay 1).

As illustrated by the equipotential lines on Plates 8 and 9, and on Figure 2, ground water
flows from the vicinity of Observation Well OW-11 towards Observation Well Cluster OW-
30A/OW-30B. In the vicinity of Observation Well Cluster OW-30A/OW-30B, shallow ground
water discharges into Hall’s Brook Holding Area, while deeper ground-water flow is beneath
Hall’s Brook Holding Area, into and along the main buried valley east of Hall’s Brook. This
ground-water flow pattern in conceptualized in Figures 3 and 4, and will be discussed in greater
detail in Section 3.2.2.8.

Because the horizontal component of ground-water flow is controlled by the buried valleys,
shallow ground water flows towards, and into, the streams (i.e., the streams are discharge
boundaries to the shallow flow system). With the absence of a substantial vertical hydraulic
gradient, and thus the absence for the potential for vertical flow (either predominantly upward
of downward based upon a comparison of heads in well clusters [Table 3-6}), ground-water
flow at depth is also horizontal, (as will be discussed in subsequent sections). Based upon
the water-level data from the well clusters, the gradients are low (thousandths to tens of
thousandths ft/ft) and they fluctuate from upward to downward to no gradient (i.e, horizontal
flow). Ground-water flow and ground-water /surface-water relationships fall into two apparent
patterns. The first pattern is the flow of shallow ground water towards, and into, the streams
(e.g. Hall's Brook Holding Area, (Figures 3 and 4). The second pattern, which is based upon
the concept of horizontal flow through the aquifer, is that ground water flows down the two
minor, on-site buried valleys, converges in the area around Observation Wells OW-17 and
OW-42, and follows the axis of the main buried valley (i.e., the buried valley that extends
south from the area around Observation Wells OW-17 and OW-42). Thus with convergmg

flow towards the main buried valley, ground water is re-oriented at depth (1ne below the

shallow ﬂow system) to foIlow the axis of the valley (Figure 4).

ROUX ASSOCIATES INC MO06609Dy. 1Da.3r



,} yr';//ti'k B i{(-"x"?/u/ﬁ/

\ e i./pw,éw/’"’

This pattern is conceptualized on Figure 4 which shows the orientation of the flow lines
depicting ground water at depth flowing along (i.e., parallel with) the main buried valley.
Thus, it is unlikely that ground water at depth (i.e., below the shallow flow system) from
the east side of Hall’s Brook Holding Area can flow beneath the Holding Area and to the
west side of the Holding Area because ground water would have to flow from a more

29.

transmissive area (thicker portion of the aquifer) to a less transmissive area (thi ortion
of the aquifer) (Plate 6), which contradicts a fundamental principle of ground-m

follow the "easiest” (i.e., more prolific) flow path (Freeze and Cherry, 1979). Furthermore,
it is more likely that ground water at depth flows from the west side of Hall’s Brook Holding
Area to the east side of Hall’s Brook Holding Area based upon the following information:

e  the limits of the aquifer (i.e, the aquifer boundary) are only on the order of 500
ft (or less) west of Hall’s Brook Holding Area (Overlay 1);

. ground-water flow would be from the limits of the aquifer (and a thin saturated
zone) towards the thick, more prolific buried valley (and axis) to the east of Hall’s
Brook Holding Area (Plates 8 and 9, Figures 2, 3, and 4);

s  ground water flows under the prevailing hydraulic gradient (i.., from areas of higher
head to areas of lower head) which converges on, and is re-oriented with, the axis
of the buried valleys (Plates 8 and 9, Figures 2, 3, and 4); and

. ground water will not flow from east to west underneath Hall’s Brook Holding Area,
towards the limit of the aquifer where ground water is entering the flow system
(Plates 8 and 9, Figures 2, 3, and 4).

In summary, ground water is flowing from the northern portion of the Study Area towards
the southwest and then to the south (Plates 8 and 9, and Figure 2). Shallow ground water
flows towards the streams and discharges into the surface-water bodies (Figures 2, 3, and 4).
Ground water at depth (i.e., below the shallow flow system) flows towards, and along, the
axes of the two minor buried valleys and then along the axis of the main buried vailey.
Ground water at depth is not likely to flow from east to west underneath Hall’s Brook Holding

Area, but can apparently flow from west to east beneath Hall’s Brook Holding Area (Figures
2, 3, and 4).
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In addition, the water-table beneath the East and West Hide Piles appears to be mounded,
that is, affected by local ground-water highs (i.e., areas of high head). This is based upon
data obtained by Golder during Task S-2 (Stability of Hide Piles) of the PDI (Golder
Associates, Inc., 1990). As illustrated in Figure 2, an equipotential line (e.g. the 70-ft
isocontour) encircles the West Hide Pile orienting ground-water flow predominantly to the
east (and Lower South Pond), with components of ground-water flow to the northeast and
south (also towards Lower South Pond). Thus, ground-water flow appears to be toward Lower
South Pond, with eventual discharge of shallow ground water into the pond. Similarly, an
equal equipotential line (e.g. the 70-ft isocontour on Figure 2) wraps around the East Hide
Pile orienting ground-water flow to the west (and Lower Pond}, and south. This mounding
is likely due to the elevated topography of the Hide Piles. Elevated topographic surfaces
can be areas where ground water accumulates and highs occur as recharge from precipitation
infiltrates the topographic high, allows for the storage of water as it takes longer for the water
to percolate down to the water table, and eventually allows for the build-up of head under

the topographic high (i.e., the thicker sequence of materials capable of storing water).

3.2.2.6 Horizontal Hydraulic Gradients and Flow Rates

Horizontal hydraulic gradients range from approximately 0.008 ft/ft (between Observation
Wells OW-22 and OW-17 [Ah=21.56 ft and Al=2,400 ft]) on-site to 0.004 ft/ft (between
Observation Wells OW-13 and OW-19 [Ah=9.14 ft and Al=2,300 ft]) downgradient of the
Site during April 10, 1990. Similar hydraulic gradients of 0.008 ft/ft to 0.004 ft/ft (between
Observation Wells OW-22 and OW-17, and Observation Wells OW-13 and OW-19,
respectively) were measured on August 13, 1990, The changes in horizontal gradients observed
reflect the changes in geologic materials present within the Study Area. The steeper gradients
observed on-site reflect the greater percentage of finer-grained (less permeable) material
and a thinner saturated zone than is present off-site in the main axis of the buried valley.
Conversely, the hydraulic gradient for the more permeable, coarser-grained sediments wiil

be lower, as less energy is needed to drive ground-water flow,

The range of ground-water flow rates (seepage velocities) was calculated based upon the Site-
specific hydraulic conductivity data developed during the pumping test and slug tests
(performed during the PDI), and the measured hydraulic gradients. The seepage velocity
was calculated using the following formula provided in Fetter {1980):
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v= K/n, dh/dl

where: v = seepage velocity [LT]
n, = effective porosity [dimensionless]
K = hydraulic conductivity [LT?]
dh/dl =

horizontal hydraulic gradient (I), [LL"] D R
AFr

In order to estimate the range in horizontal ground-water (seepage) velocities along a flow
path from the West and East Hide Piles area to Hall’s Brook Holding Area, the following
data were substituted into the equation from Fetter (1980):
*  an estimated range for n, of 25 percent (0.25) to 30 percent (0.30) for mixed sand
and gravel deposits (Fetter, Jr., 1980);
e  an average calculated K of 280 gpd/ft* (Temporary Well TW-3S, which is similar
to the average K [212 gpd/ft?] determined from slug tests on Observation Well OW-
17 [Golder Associates, Inc., 1991a]) and of 530 gpd/ft’ (Temporary Wells TW-1S
and TW-2S) from the pumping test (Roux Associates, Inc., 1990b); and
¢ an], of 0.009 ft/ft (from a flow line extending from Observation Well OW-22 to
Observation Well OW-17 [Al= 2,400 ft and Ah= 21.56 ft]) (Plate 8).

The resultant range of ground-water flow rates is approximately from 1.12 ft/day to 2.55 ft/day.
All supporting calculations are provided in Appendix E.

The ground-water velocity calculations were coupled with the equation that relates distance
to velocity (rate) and time (i.e., Distance [D] = Rate [R] multiplied by Time [t]). Using the
range in ground-water velocities (rates) of 1.12 ft/day and 2.55 ft/day, and the distance of
2,400 ft between Observation Wells OW-22 and OW-17, the time for ground water to flow
from Observation Well OW-22 to Observation Well OW-17 ranges from 2.6 years to 5.9 years.

3.2.2.7 Vertical Hydraulic Gradients and Flow Rates
An evaluation of the vertical component of ground-water flow within the unconsolidated
aquifer was performed using water-level data obtained in observation well clusters installed

as part of the PDI program and the observation wells installed as part of the RI. These data
are summarized in Table 3-6.
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Water-level data indicate that vertical gradients within the unconsolidated deposits range
from 0.040 ft/ft downward (at Observation Well Cluster OW-27A/OW-27B [Al= 53.56 ft
and Ah= 2.14 ft]) to 0.026 ft /ft upward (at Observation Well Cluster OW-24A/OW-24B [Al=
34.98 ft and Ah= 0.92 ft]). During the period of measurement, the highest downward vertical
gradient is 0.007 ft/ft at Observation Well Cluster OW-25A/OW-25B (Al= 17.05 ft and Ah=
0.12 ft), and ranges as low as 0.002 ft/ft in Observation Well Clusters OW-24A/OW-24B,
OW-25A/0OW-25B, and OW-33A/0OW-33B, excluding Observation Well Clusters OW-
27A/OW-27B (all dates), and OW-18/0W-18A and OW-30A/OW-30B (on June 20, 1990).
These data were not included in the vertical flow rate calculations because they are an order
of magnitude higher than the overall data base (Table 3-6).

The highest upward vertical hydraulic gradient is 0.005 ft/ft measured at Observation Well
Clusters OW-26A/OW-26B (Al = 19.01 and Ah = 0.10) and OW-19/0W-19A (Al = 31.26
ft and Ah = (.16 ft) excluding the vertical gradient measured at Observation Well Cluster
OW-24A/OW-24B of (.026 (Al = 34.89 and Ah = 0.92) on December 7, 1990. Moreover,
five of the eight observation well clusters (i.e., OW-18/OW-18A, OW-24A /OW-24B, OW-
25A/OW-25B, OW-30A/OW-30B, and OW-33A/0OW-33B) and had no vertical hydraulic
gradient on at least one occasion during the period of measurement, Therefore, the upward
or downward gradients do not reflect the potential for significant upward or downward vertical
flow in the unconsolidated aquifer, excluding those measured at Observation Well Cluster
OW-27A/0W-27B,

The downward vertical gradient measured at Observation Well Cluster OW-27A/0W-27B
reflects a contrast in hydraulic conductivities between the two lithologic zones screened by
the well cluster. Observation Well OW-27A is screened in fine-grained to medium-grained
sand in the upper portion of the aquifer, while Observation Well OW-27B is screened in silt
with traces of sand and clay in the lower portion of the aquifer. The hydraulic conductivity
for the sand zone is higher than that of the silt zone (Freeze and Cherry, 1979), which resuits
in the differences in heads evidenced between the two wells. Regardless, Observation Well
Cluster OW-27A/OW-27B s located at the most downgradient location within the Study Area
adjacent to Mishawum Road. Therefore, this downward vertical gradient is not considered

representative of the remainder of the Study Area.
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The vertical ground-water flow rates were calculated using the vertical hydraulic conductivities
(from the aquifer test results; Roux Associates, Inc., 1990b), measured vertical gradie
estimated effective porosities. The vertical flow rate was calculated using the following formula
provided in Fetter, Jr. (1980):

v= K/n, dh/dl
where: v = seepage velocity [LT"]
n, = effective porosity [dimensionless]
K = hydraulic conductivity [LT]
dh/dl = vertical hydraulic gradient (L,) [LL"]

In order to estimate the range in downward vertical seepage velocities from the water table
to the base of the unconsolidated aquifer the following data were substituted into the equation
from Fetter, Jr. (1980):
*  an average estimated n, of 28 percent (0.28) for mixed sand and gravel deposits
from Fetter, Jr. (1980).
*  calculated range of K, (vertical hydraulic conductivity) of 2 gpd/ft* to 57 gpd/ft’
(Temporary Wells TW-4S and TW-1D, TW-2D, and TW-3D, respectively) from
. the pumping test (Roux Associates, Inc., 1990b).
*  arange of I, (vertical gradients) from 0.002 ft/ft to 0.007 fi/ft, respectively from
water levels in Observation Wells OW-33A, OW-33B, OW-25A and OW-25B (Al =
39.68 ft and Ah= 0.08 ft, and Al= 16.6 ft and Ah= 0.12 ft, respectively), measured
on August 13, 1990 (Table 3-6).

The resultant range of potential downward grbund-water flow rates is from approximately
0.002 ft/day to 0.191 ft/day. However, because the I, fluctuates and no sustained downward

I, is present throughout the Study Area, these values are conservative, at best, and not
representative of general aquifer conditions.

Because the I, data for the observation well clusters indicate that there is no well cluster (with
the exception of Observation Well Cluster OW-27A/OW-27B) with a sustained downward
I, (Table 3-6), a calculated range in downward travel times from the water-table surface to
the bottom of the aquifer is not reasonable.

MOO06609Dy. 1Da.3r

AFr



34

The potential for the vertical flow between the unconsolidated deposits and the underlying
bedrock can be estimated for the Study Area. Of the three bedrock observation wells (OW-1,
OW-4, and OW-9) present in the area, the potential for vertical flow was evaluated for two
(i.e., Observation Wells OW-1 and OW-9) because these wells are either part of a cluster
well (OW-1/0OW-1A) or are close enough so as to be considered as part of a "cluster well"
(OW-9 with OW-14, which is approximately 360 ft to the west of OW-9),

Based upon the record of ground-water elevation data (Table 3-5), the heads in Observation
Well OW-1 (bedrock formation observation well) have consistently been lower (approximately
0.22 ft to 1.5 ft) than heads in Observation Well OW-1A (unconsclidated formation
observation well). Conversely, based upon the same record of water-elevation measurements,
the heads in Observation Well 9 (bedrock formation observation well) have, with the exception
of heads measured on August 13, 1990 which essentially show equal values, been higher
(approximately 0.5 ft to 1.0 ft) than the heads in Observation Well OW-14 (unconsolidated
formation observation well) (Table 3-6 and Figure 6). Thus, based upon the existing data
base, a potential for vertical migration of ground water downward (from the unconsolidated
formation into the bedrock formation) only exists north of the Site (Observation Wells OW-1
and OW-1A). Because Observation Well Cluster OW-1/0OW-1A is located in the northern
portion of the Study Area, and is also apparently located near the portion of the aquifer where
the unconsolidated deposits are thin (relative to the buried valleys) (Figure 2 and Overlay 1,
respectively), this area may be a recharge area to the flow system. If this is the case, then
the potential for ground-water flow from the unconsolidated deposits into bedrock (i.e.
recharging the unconsolidated and bedrock flow systems) exists. However, based upon
available data, a potential also exists for upward vertical migration of ground water upward
(from the bedrock formation into the unconsolidated formation). This flow pattern would

result in recharge to the unconsolidated deposits in this area of the Site.

32.2.8 Conceptual Ground-Water Flow Model
Conceptual ground-water flow models for the Site and the Study Area (Figures 3 and 4,
respectively) were developed to assist in understanding ground-water flow conditions, ground-

water/surface-water relationships, and the transport of inorganic and organic compounds in
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the ground water. These conceptual models were developed from the hydrogeological data
obtained during the PDI, GSIP, and RI programs. The conceptual models will also be %
to assist in the development of the numerical flow model during the RD program. 4 F r

A representation of the conceptual flow model in the vertical plane is presented in Figure 4,
while a representation of the conceptual flow model in the horizontal plane is displayed in
Figure 4. Ground-water flow in the unconsolidated aquifer is from recharge areasin the higher
portions of the Site and Study Area to the Aberjona River and Hall’s Brook. In general, the
shallow ground water (i.e., ground water at approximately the same depth below the water-
table surface as the depth of the bottom of the stream [i.e., the streambed]) discharges to
the surface waters on-site and within the Study Area, while deeper ground-water flows in
response to the aquifer geometry, that is, to and parallel with the two minor on-site buried
valleys and to and parallel with the main buried valley south of the Site (Figures 3 and 4).
Flow is from the surface waters to the ground-water system only during periods of high surface-

water flow (storm events), as previously discussed and as illustrated in Plate 10.

The cross-sectional, conceptual, hydrogeologic model developed for the Site is also based
upon head data from Observation Wells OW-9 and OW-14, which indicate a potential for
upward flow of ground water from the crystalline bedrock into the overlying unconsolidated
aquifer, Published information suggests that leakage from the till and crystalline bedrock into
the overlying unconsolidated deposits may occur as indicated by vertical and horizontal
gradients near the sand and gravel/till-bedrock boundaries within the area south of the Site
(Myette, et al, 1987). The results of the study performed by Myette, et al support the
interpretation that the potential for ground-water flow is from the crystalline bedrock upward
into the unconsolidated aquifer within the GSIP Study Area. The only exception (as discussed
above) may be in the area to the north of the Site where recharge may be occurring, and
there is an apparent potential for ground-water flow from the unconsolidated deposits to the
bedrock.

The potential for ground-water flow, and the transport of inorganic and organic compounds,
through the crystalline bedrock underlying the Site is considered unlikely based upon the

following:
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*  published information from Myette, et al. (1987) which states that wells completed
in bedrock yield only a few gallons per minute, (i.e., the bedrock is characteristic
of a low transmissivity unit with a low potential for flow);

. field data that indicates the potential for flow from the bedrock to the overlying
unconsolidated deposits; and

e the nature of the fracturing within the bedrock.

As stated above, water-level data from Observation Wells OW-9 and OW-14 indicates the
potential for ground-water flow up from the bedrock into the unconsolidated water table.

With respect to the nature of the fracturing within the bedrock, the upper 3 ft to 5 ft of the
crystalline bedrock was cored during the installation of the monitoring wells and the drilling
of the soil borings during the PDI and the GSIP. (Photographs of the bedrock cores are
provided in Appendix B along with the geologic logs.) An evaluation of these bedrock cores
indicates that the cores are fractured but the cores are predominately filled with calcite and
sand. The presence of fracture filling minerals and sand will further reduce the overall

transmissivity of the crystalline bedrock.

In conclusion, an evaluation of the water-level data and bedrock cores indicates that the
potential for flow through crystalline bedrock is probably limited, especially in comparison
to flow through the higher transmissive unconsolidated deposits.

3.2.3 Nature and Extent of Migration

An evaluation of the nature and extent of inorganic and organic compounds migrating in
ground water was performed and is discussed in the following sections (3.2.3.1 and 3.2.3.2).
This evaluation was based upon all usable {qualitative and quantitative) water quality data
developed as part of the GSIP and PDI programs. The PDI data were developed from the
Phase 1 and Phase 2 programs designed to define the extent of hazardous substances in ground
water within the Study Area.

The GSIP sampling was performed from March 15 through 22, 1990. Additional, resampling

was performed on April 25, 1990 because some critical data collected from March 15 through
March 22, 1990 were validated as unusable. The Phase 1 PDI sampling was performed from
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June 4 through June 6, 1990 according to the requirements of the PDI Work Plan (Golder
Assaociates, Inc., 1989). PDI Phase 2 sampling was performed from October 15 to October 18,
1990 and November 7, 1990 to further define the extent of benzene and toluene "hot spats”.
A summary of these data are provided in Appendix C. The GSIP, and Phase 1 a@h’ase 2

PDI analytical data are presented in Plates 11 and 12. The concentrations of benzene/tolhehe, . - 7

dissolved arsenic, and dissolved chromium detected during the GSIP RI and PDI were
contoured as shown in Figures 7, 8 and 9.

The analytical program for the GSIP was performed by Enseco-ERCO Laboratory (ERCO)
Cambridge, Massachusetts. The analytical data for the ground-water samples are provided
in Appendix C. Radian Corporation of Austin, Texas performed the metal speciation, organo-
tin, organo-mercury and the Fe*? analyses. The Radian data are also provided in Appendix C.

The GSIP data were validated according to USEPA Region 1 guidelines presented in
"Functional Guidelines for Evaluating Organic Analyses, November 1989" and "Functional
Guidelines for Evaluating Inorganic Analyses, November 1989" and the data validation

procedures presented in the GSIP Work Plan, The data validation documentation is provided
in Appendix D.

The GSIP and PDI ground-water quality data were entered into a computer data base
(dBase II+) to facilitate retrieval and evaluation of the data. The entire data base was

examined to determine the nature and extent of the inorganic and organic compounds in
the ground water.

The types of constituents present were identified for upgradient Site boundary, on-site, and

off-site (downgradient) observation wells to determine what impact(s) may be attributed to
the Site, if any.

The upgradient Site boundary observation wells are OW-1A and OW-21 (Plate 1).

ASSOCIATES
ROUX INC MO06609Dy. 1Da.3r



-38-

The on-site observation wells are:

OW-10 OW-31
OWw-11 OWw-32
OwW-12 OW-36
OW-13 Ow-37
OW-14 OW-38
OW-15 OW-39
OwW-16 OW-40
OWw-22 Oow-41
OW-23 OW-42
OwW-28

The off-site observation wells are:

OW-6 OW-25B
OW-7 OW-26A
OW-17 OW-26B
OW-18 OW-27A
OW-18A OW-27B
OW-19 OW-29
OW-19A OW-30A
Ow-20 OW-30B
OW-24A OW-33A
OW-24B OW-33B
OW-25A

3.2.3.1 Nature of the Constituents Detected
Organic compounds detected in the upgradient Site boundary, on-site, and off-site
(downgradient) observation wells are summarized in Tables 3-8 and 3-9, and listed on Plate 11.

The data developed during the GSIP RI and the PDI programs identified five base/neutral
compounds bis(2-ethylhexyl)phthalate, diethylphthalate, acenaphthalene, 1,3 dichlorobenzene,
and N-nitrosodiphenylamine (Tables 3-8 and 3-9). Data developed during the GSIP and
PDI programs indicate that phenol, 2-methylphenol and 4-methylphenol were detected in

the observation wells listed below.
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OW-16 OW-17A OW-17 OW-12 Ow-21
_pg/L pg/L pg/L pg/L pg/L
phenol 130 430 6 3 190
2-methylphenol ND ND ND ND
4-methylphenol 3,400 ND ND ND dR 4 F r

No PCB or pesticide compounds were detected in the ground water during the GSIP RI and
PDI programs.

In addition, no ethylmercury, monomethyl tin, dimethyl tin, or trimethyl tin were detected
during the GSIP RI sampling. Although the analytical method for dimethyl-mercury could
not be developed, the absence of total mercury in ground water suggests that it is unlikely
that it is present in the ground water.

A comparison of the types of organic compounds detected in upgradient Site boundary, on-site,
and off-site areas indicates that the types of VOCs detected upgradient Site boundary and
on-site differ from VOCs detected off-site (downgradient) (Tables 3-8 and 3-9, and Plate 11).
Although halogenated VOCs were detected downgradient of the Site, these compounds were

not detected on-site or upgradient.

Benzene was detected on-site at a maximum concentration of 48,000 micrograms per Liter
(ug/L) in Observation Well OW-31, and off-site at a maximum concentration of 2,000 ug/L
at Observation Well OW-17. However, based upon the direction of ground-water flow
(Plates 8 and 9, and Figure 2) and the distribution of benzene in the remainder of the on-site

observation wells (Plate 11), benzene is not migrating from Observation Well OW-31 to
Observation Well OW-17. Regardless, it is apparent that benzene from on-site has affected

ground water downgradient and off-site, adjacent to the Hall’s Brook Holdigg_Area (ie.,
Observation Well OW-17), (Plate 11 and Figure 7). Toluene has been detected on-site at
a concentration of 32,000 ug/L at Observation Well OW-16 (Plate 11). It is apparent that
f6Tuene from on-site (i.e., Observation Well OW-12) has affected ground water downgradient
and off-site, adjacent to the Hall's Brook Holding Area (Plate 11 and Figure 7).
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With respect to the remaining five VOCs (chloroform, xylenes, methylene chloride, acetone,
ethylbenzene) found on-site (Table 3-8), there is no connection between the on-site and off-site
constituents. The highest concentration of chloroform on-site is 6 ug/L at Observation Well
OW-22 (Plate 11), which is only 1 pg/L above the Contract Required Quantitation Limit
(CRQL) of 5 ug/L, while the highest concentration of chloroform off-site is 4 ug/L at
Observation Well OW-30B (Plate 11), which is less than the CRQL, and, thus reported as
qualitative (Appendix C). Likewise, the highest concentration for xylenes on-site is 1 ug/L
at Observation Well OW-32 (Plate 11), which is considered qualitative (i.e., less than the
CRQL of 5 ug/L). Although methylene chloride was detected on-site at concentrations of
22 ug/L at Observation Well OW-22, and was detected off-site at a maximum concentrations
of 23 ug/L at Observation Well OW-27A, methylene chloride is not attributed to the Site,
because: 1) Observation Wells OW-27A and OW-27B are on the west side of Hall's Brook,
out of the flow path from Observation Well OW-23; 2) methylene chloride is not detected
in any of the observation wells downgradient of Observation Well OW-23 (i.e., OW-24A,
OW-24B, OW-33A, OW-33B, OW-7, and OW-20); and 3) methylene chloride is a common

laboratory contaminant and may have been introduced during water quality analyses.

The highest concentrations of acetone and ethylbenzene on-site are 6 ug/L in Observation
Well OW-4 (bedrock well only) and 1 ug/L in Observation Well OW-32, respectively. These
concentrations are below the CRQL of 10 ug/L and 5 ug/1, respectively, and are therefore
reported as qualitative (Appendix C). Moreover, neither acetone nor ethylbenzene are found
in any off-site observation wells. Thus, of the seven on-site constituents listed in Table 3-8,

only off-site detections of benzene and toluene are attributable to on-site "hot spots.”

The types of inorganic compounds detected during the GSIP RI for upgradient, on-site, and
off-site (downgradient) areas are summarized in Appendix C and posted on Plate 12.

32.3.2 Extent of the Constituents Detected

The GSIP and PDI data were compared to determine the types of compounds that would
be mapped for purposes of defining the extent of migration of any of these compounds in
the ground water. All of the organic compounds detected during the GSIP and PDI Phase
1 and Phase 2 sampling events were mapped since relatively few compounds were detected

(Plate 11). As stated above, only benzene and toluene are present (i.e., quantitative values)
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in adjacent wells to delineate a plume or "hot spot" (Plate 11 and Figure 7). Again, as
presented above, these mapped data were compared to ground-water flow data to determine

their approximate extent in the ground water and to identify potential source areas.

Among the inorganic compounds, the dissolved concentrations of arsenic, chronﬁun‘iReéa ih Z‘
and zinc detected during the GSIP RI and PDI Phase 1 and Phase 2 sampling events are
posted on Plate 12. The plumes of arsenic and chromium are contoured as shown on Figures

8 and 9, respectively. Additional discussions of the evaluation of the extent of the above-
mentioned four metals in ground water are provided in the results of the Metals Mobility
Study (Section 3.5).

The evaluation of the nature and extent of metals in ground water is based upon the analytical
data from the dissolved (filtered) samples. The dissolved samples are considered most
representative of ground-water quality conditions because the total (unfiltered) samples can
contain solids (greater than 0.45 microns in size) that are not transported within the formation.
These solids can be introduced into the sample from the formation, by passing through the
gravel pack and well screen. In contrast, the dissolved sample constituents provide data along
with collaidal material transported within the formation. Colloidal material is less than 0.45
microns in size and current research indicates that inorganic and organic compounds can be

transported as colloidal size materials within an aquifer.

Upgradient Site Boundary
The evaluation of ground-water quality upgradient Site boundary and migrating onto the Site

consisted of a review of the ground-water quality data from Observation Wells OW-1,OW-1A
and OW-21, and a consideration of any potential source areas upgradient of the Site. A
summary of ground-water quality in Observation Wells OW-1, OW-1A and OW-21 is provided
in Appendix C.

As previously discussed, only a few organic compounds were detected in the upgradient
observation wells (Plate 11). Of the organic compounds detected in Observation Well OW-1
(i.e., chlorobenzene [25 ug/L], chloroethane [3 ug/L), chloromethane [1 pg/L}, and benzyl
alcohol [4 ug/L}), only chlorobenzene is detected at a concentration greater than its CRQL
of 5 ug/L. Chloroethane, chloromethane, and benzyl alcohol are all detected at concentrations
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that are less than their respective CRQL values of 10 ug/L per compound and are therefore
considered qualitative values (Appendix C). Chloroform was detected at a concentration
of 2 ug/L and toluene at a concentration of 6 ug/L in Observation Well OW-21, and bis(2-
ethlyhexyl)phthalate was detected at a concentration of 4 ug/L in Observation Well OW-1A.
Chloroform and bis(2-ethylhexyl)phthalate are reported at concentrations below the CRQL
of 5 ug/L and 10 ug/L, respectively, and are therefore considered qualitative values
(Appendix C). Although toluene is reported at a concentration of 6 ug/L, it is only 1 pg/L
above the CRQL, and its detection is considered doubtful {i.e., the use of this value as
quantitative is questionable). Thus, if these compounds are present, they reflect the presence

of industrial activities immediately north of the Site.

Of the four dissolved metals (i.e., arsenic, chromium, lead, and zinc) posted on Plate 12, only
zinc is detected in Observation Wells OW-1 (25.4 ug/L) and OW-1A (8.2 pg/L), and zinc
and chromium are detected in Observation Well OW-21 (15.7 ug/L and 25.1 ug/L, and 9.8
ug/L, respectively). In all cases, the concentrations of zinc are below (8.2 pg/L and 15.7
ug/L), or slightly above (approximately 25 ug/L) the CRDL of 20 ug/L, and are reported
as qualitative or not detected (Appendix C). The chromium concentration of 9.8 ug/L
(Observation Well OW-21) is below the CRDL of 10 ug/L, and is also reported as qualitative
(Appendix C). Thus, there appears to be no quantitatively reported concentrations of these
four dissolved metals that are flowing on-site immediately north and northwest of Observation
Wells OW-1, OW-1A, and OW-21.

On-Site

Benzene, in excess of the CRQL concentration of 5 ug/L, was detected at the following
locations near the East and West Hide Piles (Observation Wells OW-31 (48,000 pg/L) and
OW-32 (41 ug/L), respectively), and at Observation Wells OW-17 (2,000 pg/L), OW-12
(300 ug/L) and OW-41 (27 ug/L) (Plate 11). The highest concentrations of benzene were
detected in Observation Well OW-31 (48,000 ug/L) located at the base of the West Hide
Pile and at Observation Well OW-17 (2,000 ug/L) located on the northeastern side of the
of the Hall’s Brook Holding Area,
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Toluene, in excess of the CRQL concentration of 5 ug/L, was detected in seven observation
wells (OW-9, OW-12, OW-16, OW-22, OW-39, OW41, and OW-42) (Plate 11) Concentrations
detected were as high as 32,000 ug/L in Observation Well OW-16 and as low as 9 ug/L in
Observation Well OW-41.

D
Although toluene was detected in Observation Wells OW-17, OW-20, OW-23, OWEMT
27B, OW-30B,and OW-33B, the concentrations ranged from a low of 1 ug/L to a high of
3 ug/L, and, consequently, were below the CRQL of 5 ug/L. Therefore, these concentrations
are considered qualitative (Appendix C).

Based upon the ground-water quality data developed during the GSIP and the PDI programs,
the benzene/toluene "hot spots" are located on-site along the eastern flank of the West Hide
Pile (Observation Well OW-31) and from Observation Well OW-16 to Observation Well OW-
17 located approximately 250 feet south of the Site. The approximate extent of detected
concentrations of benzene/toluene in ground water is shown in Figure 7. The extent is

represented by the concentrations of benzene /toluene that exceed 10 ug/L.
The extent of the benzene/toluene detected during the GSIP RI and the PDI programs,
coupled with the data from the installation and sampling of 61 temporary monitoring wells
by Stauffer during 1984, suggests that the potential source areas of the benzene/toluene are:
1. the east flank of the East Central Hide Pile;
2. upgradient of the Observation Well OW-16, north of the trailer compound;
3.  on the southeast flank of the East Central Hide Pile; and
4.  in the developed area south of Atlantic avenue.
The last three discrete potential source areas listed above are represented by the plume of

benzene/toluene extending from Observation Well OW-16 to OW-17 as depicted on Figure 7.
This plume is migrating with ground-water flow towards the Hall’s Brook Holding Area.
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The benzene "hot spot” located near the West Hide Pile is limited in extent to the eastern
flank of the West Hide Pile. This "hot spot" has not migrated off-site or downgradient towards
Observation Wells OW-37 and OW-38 (Figure 7) because of the local ground-water high
(i.e., the equipotential line {e.g. 70-ft isocontour on Figure 3}) which appears to wrap around
the West Hide Pile orienting ground-water flow to the northeast and south, towards Lower
South Pond). If benzene was present throughout the West Hide Pile, then it would likely
have been detected in Observation Wells OW-36 and OW-37 (as the dissolved arsenic and
chromium were [Figures 8 and 9, respectively]), which are in the downgradient flow path from
the West Hide Pile.

The extent of arsenic detected in ground water during the GSIP RI and PDI programs is
shown in Figure 8. Arsenic plumes were detected downgradient of: 1) the West Hide Pile;
2) the East-Central Hide Pile; and 3) the South Hide Pile (Figure 8).

The arsenic plume downgradient of the Wegt Hide Pile is defined by the dissolved
concentrgtions of arsenic at Observation Wells OW-36 (256 ug/L), OW-37 (343 ug/L), and
OW-38 (120 ug/L). This discrete plume of arsenic has migrated downgradient of the West
Hide Pile with ground-water flow (Plates 8 and 9, and Figure 2) towards, but not as far as,

Observation Wells OW-10 and OW-14. Based upon the absence of arsenic in Observation
Well OW-10 and the qualitative dissolved arsenic concentrations detected in Observation
Well OW-14 (7.5 ug/L and 4.1 ), the arsenic plume downgradient of the West Hide Pile has
only migrated to an area between Observation Wells OW-38 and OW-14 (Figure 8).

The arsenic plume downgradient of the East-Central Hide Pile follows the orientation of
ground-water flow (Plates 8 and 9, and Figure 2) as it is channeled down the minor, on-site
buried valley (Plate 5). This arsenic plume is defined by dissolved arsenic concentrations
in Observation Wells OW-16 (28,600 pg/L), OW-39 (29.3 ug/L), OW-13 (43.5 ug/L), and
OW-41 (34.4 pg/L) (Plate 12 and Figure 8).

The arsenic plume downgradient of the South Hide Pile also follows the orientation of ground-
water flow (Plates 8 and 9, and Figure 2) as it is channeled down the minor, on-site buried
valley (Plate 5). This plume is defined by dissolved arsenic concentrations in Observation
Wells OW-12 (556 pg/1), OW-42 (500 pg/L), and OW-17 (164 ug/L) (Plate 12and Figure 8).
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The arsenic detected in ground-water at Observation Well OW-32 (23 ug/L) at the western
flank of the East Hide Pile, is attributed to the hide pile located immediately upgradient.
O
Arsenic was also detected at Observation Well OW-11, where the concentration was rcpcﬁ’sﬁ f:" ]~
to range from a low of 98.4 ug/L to a high of 198 ug/L (Plate 12). Based upon the direction
of ground-water flow, and, in particular, the ground-water high in the vicinity of the West
Hide Pile, Observation Well OW-11 is not within the flow path from the West Hide Pile
(Plates 8 and 9, and Figure 2). Thus, it appears that dissolved arsenic is due to localized

concentrations of arsenic in soils adjacent to the wells.

Two plumes of dissolved chrominm in ground water were identified downgradient of: 1) the
West Hide Pile; and 2) the East-Central Hide Pile. These chromium plumes although located
at the same locations as the arsenic plumes, have not migrated as far downgradient as the
arsenic.

The chromium plume located downgradient of the West Hide Pile (Plate 12 and Figure 9)
is defined by the concentrations detected in Observation Wells OW-36 (121ug/L), OW-37
(449 pg/L), and OW-38 (15.6 ug/L). This plume of chromium has migrated with ground-water
flow from the West Hide Pile towards Observation Well OW-38 (Plates 8 and 9, and Figure 2).

A second dissolved chromium plume was detected downgradient of the East-Central Hide
Pile (Figure 9). This follows the orientation of ground-water flow (Plates 8 and 9, and
Figure 2} as it is channeled down the minor, on-site buried valley (Plate 5) and is defined
by the concentrations in Observation Well OW-16 (252 ug/L), OW-39 (23.5 ug/L) and OW-41
(23.4 ug/L) (Plate 12 and Figure 9).

The dissolved chrominm detected at Observation Well OW-9 (455 ug/L) may be attributed
to potential problems with well construction. The age of this bedrock well and the presence
of chromium in the soils at the chromium lagoons, suggests that dissolved chromium in the
ground water (unconsolidated deposits) is migrating along the well into the underlying bedrock.
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Other detections of dissolved chromium on-site have occurred in Observation Wells OW-31
(37.1 pg/L) and OW-32 (51.1 pg/L), (Plate 12). These detections may be attributable to
the West Hide Pile and the East Hide Pile, respectively.

The presence of discrete dissolved arsenic and chromium plumes located downgradient of
the hide piles is due to the presence of geochemical conditions present in the hide piles and,
metal containing soils. A geochemical paradigm was developed as part of the Metals Mobility
Study (Section 3.5) which explains the mobility of arsenic and chromium in the ground water

downgradient of the hide piles.

In summary, ground-water flow patterns and the orientation of the plumes agree with the
geologic data, developed during the GSIP and PDI programs, that the west and east branches
of the minor, on-site buried valleys merge into a single, more deeply incised main buried
valley near Observation Wells OW-17 and OW-42, and the Hall’s Brook Holding Area. The
discharge of the benzene/toluene, and arsenic-impacted ground water into the Hall’s Brook
Holding Area apparently prevents its migration further to the south along the axis of the main

buried valley.

Downgradient

The benzene/toluene plume and the arsenic plume downgradient of the East-Central and
South Hide Piles is migrating off-site towards Observation Well OW-17 and the Hall’s Brook
Holding Area (Figures 7 and 8, respectively).

The arsenic plume identified downgradient of the South and East-Central Hide Piles may
extend to Observation Wells OW-19A (35.4 ug/L), and OW-30A and OW-30B (47 ug/L and
16.4 ug/L, respectively). Although ground-water flow data suggests that underflow from the
east side of the Hall's Brook Holding Area to the west (and Observation Well Cluster OW-
30A/OW-30B) is unlikely, and the presence of arsenic in Observation Well Cluster OW-
30A/OW-30B may be attributed to lateral dispersion of the plume within the buried valley
aquifer. The presence of arsenic in Observation Well OW-19A may also be attributable to
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the arsenic plume from the hide pile, as Observation Well OW-19 is located within the axis
of the buried valley downgradient of the hide piles. Since the ground-water extraction system
planned for the Site, as required by the CD {Golder Associates, Inc., 1991), will be located

upgradient of these wells along the axis of the buried valley, it is reasonable to assugat

. . . & &
the concentration of arsenic at these wells would be expected to decrease over time as arsenic= .

Al 2‘

impacted ground water is intercepted by these extraction wells.

As previously discussed, chlorinated VOCs that are not attributed to the Site (since these
compounds were not detected on-site) were detected in an area along Hall’s Brook and at
Observation Well OW-26B (Plate 11). Thus, the presence of chlorinated compounds and
the extent of these compounds indicate that they are associated with potential source areas
south of the Site (off-site), and not attributable to the Industri-Plex Site.

3.2.3.3 Discussion of Woburn Landfill

The Woburn Sanitary Landfill, is located to the northwest of the Site near Observation Wells
OW-1, OW-1A, and OW-11. The landfill consists of approximately 54 acres and is bordered
by New Boston Street to the east (Figure 4). The location of the landfill with respect to the
Site was considered in evaluating the quality of the ground water migrating onto the Site.
Several investigations have been conducted at the Woburn Landfill. A preliminary Jandfill
assessment was performed by Ecology and Environment, and is summarized in the report
titled "Preliminary Site Assessment of Woburn Sanitary Landfill, August 1980."

A more comprehensive evaluation of hydrogeological conditions was performed by D.E. Reed
(1982) and summarized in the report titled "Hydrogeological Investigation-Woburn Sanitary
Landfill, Woburn Massachusetts,"

The results of the 1988 sampling by the Maguire Group, Inc. indicated the presence of benzene
(12 pg/L), chlorobenzene (25 ug/L), ethylbenzene (19 ug/L), and toluene (7 pug/L}) in
Monitoring Well MG-1 located downgradient of the landfill. In addition, semi-volatile
compounds, {naphthalene {47 ug/L] and 2-methyinaphthlene [25 ug/L]) were detected in
this well.
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Additionally, the results of the inorganic analyses performed during the 1989 sampling by
the Maguire Group indicates that {(of the metals selected for mapping as part of the GSIP)
arsenic and chromium were not detected in the monitoring wells sampled (MG-1 and MG-2C
[downgradient], and MG-5 fupgradient]). However, lead was detected at 80 pg/L. (Monitoring
Well MG-1), 160 pg/L (Monitoring Well MG-2C), and 110 pg/L (Monitoring Well MG-5).
In addition, zinc was detected at 1,320,000 xg/L in Monitoring Well MG-2C and at 530 pg/L
in Monitoring Well MG-5.

Based upon the 1989 Maguire Group, Inc. report, "groundwater flows in a southeasterly
direction” (Maguire, 1989, page 12, conclusion 1, line 1). The Maguire Group also concludes
that "groundwater is intercepted by the brooks along the southern perimeter of the landfill"
(page 13, conclusion 2) and "there is little, if any, flow of groundwater under the brook, as
evidenced by the steep groundwater surface on either side of the south perimeter brook"
(page 13, conclusion 3), Therefore, based upon the data obtained during the GSIP RI and
the conclusions developed by the Maguire Group, Inc. (1989), it is reasonable to conclude
that the streams located along the perimeter of the landfill likely flow into the Unnamed
Tributary and the New Boston Street Drainway, and that if ground water is flowing beneath
the streams (underflow) it is flowing towards and along the axis of the on-site, minor buried

valley.

Upgradient observation wells (OW-1, OW-1A, and OW-21) have concentrations of dissolved
arsenic, chromium, lead, and zinc as posted on Plate 12. The concentrations of dissolved
zinc are 8.2 pg/L (Observation Well OW-1), 25.4 ug/L (Observation Well OW-1A), and
15.7 ug/L to 25.1 ug/L (Observation Well OW-21), which apparently indicate that ground-
water flow from the landfill is more south than west. This direction of flow seems to be
confirmed by the concentrations of zinc along the western portion of the Site, which indicate
that zinc may be migrating from the area of the Woburn Landfill onto the western portion
of the Site near Observation Well OW-11. As shown in Plate 12, the concentrations of
dissolved zinc at Observation Wells OW-10, OW-11, OW-14, and OW-18 (7,250 ug/L, 1,600
ug/L, 1,610 pg/L, and 8,990 ug/L, respectively) are the highest detected within the Study
Area and are located downgradient of the Woburn Landfill.
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In an attempt to better understand the relationship between the location of the landfill pl

and the Site, chloride was chosen as a tracer in ground water. Chloride is a conservative
ion that is used extensively to define ground-water plumes emanating from sanitary landfills
(Kimmel and Braids, 1980). The levels of chloride detected in ground water were compared
for several wells which surround the landfill. Of the seven landfill wells sampled by the
Maguire Group in September 1988, two were located upgradient of the landfill (Monitoring
Wells MG-4 and MG-5), four were located downgradient of the landfill (Monitoring Wells
MG-1, MG-2A, MG-2B, and MG-2C), and one was located cross-gradient of the landfill
(Monitoring Well MG-3) (Maguire Group, Inc., 1989). The September 1988 data from RI
Analytical Laboratories, Inc. indicate that ground water upgradient and cross-gradient of the
landfill has a much lower chloride content (15.5 milligrams per Liter [mg/L] to 22 mg/L,
respectively) than the ground water immediately downgradient of the landfill (275 mg/L to
480mg/L, respectively) (Maguire Group, Inc., 1989). Conductivity readings {1,550 micromhos
per centimeter [pmhos/cm] to 4,210 gmhos/cm) (Maguire Group, Inc., 1989), and sodium
levels (730 mg/L [Monitoring Well MW-4]) (H.W. Moore & Associates, Inc., 1983) in the
downgradient ground-water samples also indicate the presence of a plume extending from
the landfill.

The ground-water samples collected during the GSIP RI were analyzed for chloride content.
Two observation wells installed as part of the GSIP R, are located directly east of the landfill,
adjacent to New Boston Street. The ground water from these two observation wells, OW-1A
and OW-11, contained chloride and sodium concentrations similar to the Woburn Landfill
background concentrations (i.e., less than 5 mg/L chloride and 11.6 mg/L sodium in
Observation OW-1A, and 19.7 mg/L chloride and 14.6 mg/L sodium in Observation Well
OW-11). These results further suggest that the landfill plume has not migrated directly east,
but follows the area’s ground-water flow toward the south-southeast, and eventually into, and
directed by, the buried valleys (Plates 8 and 9, and Figures 2 and 4).

Based upon the 1990 analytical results from Observation Wells OW-10, OW-14, and OW-18,
ground water downgradient (south-southeast) of the landfill contains sodium and chloride
constituents in similar background concentrations to those evidenced at the landfill (less than
100 mg/L. Observation Well OW-18 contained a higher chloride concentration than
Observation Wells OW-10 and OW-14, which are located between the landfill and Observation
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Well OW-18. This implies that the chloride found in Observation Well OW-18 may be
attributable to another source, or may travel through more prolific saturated sediments. Based
upon the chloride (19.7 mg/L, 15.7 mg/L, and 98.4 mg/L, respectively) and sodium levels
(14.6 mg/L [14,600 ug/L), 12.7 mg/L, and 63.1 mg/L, respectively), the ground water in
Observation Well OW-11 may not have been impacted by the plume from the landfill. It
may also be likely that the landfill plume has not impacted Observation Wells OW-14 and
OW-18.

3.3 Surface-Water Investigation

The objective of the surface-water migration task was to evaluate the extent and character
of metals and organic compounds in the surface-water drainage system on-site and in the
surrounding areas of the drainage basin both upstream and downstream of the Site (Roux
Associates, 1989). To accomplish this objective, the surface-water hydrology of the Study
Areawas characterized as a basis for assessing migration of inorganic and organic compounds
in surface water. Surface-water hydrology was evaluated to provide a more comprehensive
understanding of the inter-relationship between the ground water and surface water of the
Study Area.

3.3.1 Hydrology
The surface-water hydrology of the Study Area was characterized through the performance
of several field tasks, evaluation of published information available for the surface-water
drainage and performance of the following field investigations:
*  identification and mapping of surface-water drainages within the Mystic River
drainage basin;
* inventory of existing discharges through field inspection and aerial photograph
interpretation; and
. the measurement of flow rates and volumes at 17 locations within the Study Area
(Tables 3-10 and 4-37).

Concurrent with the measurement of ground-water levels within the Study Area, surface-water

levels were measured at SW-1, SW-3, SW-7 and SW-14 to provide data regarding the

relationship between surface water and ground water. The surface-water elevation data are
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provided in Table 3-11. In addition, continuous water level measurements in the Aberjona
River were obtained adjacent to piezometers PZ-1 and PZ-2 to assist in evaluating surf:

water/ground-water relationships. This evaluation was discussed in detail in Section 3.2.

Surface-water flow rates and volumes were measured at 17 observation locations (Table 3-12)
during high flow (April 1990) and low flow (August 1990) conditions to determine the seasonal
fluctuations in flow rates. In addition, flow data were collected at SW-5, SW-10, SW-12, SW-14
and SW-17 on four additional occasions (for a total of six measurement rounds} to supplement
the data base.

3.3.1.1 Discharge Areas
Drainage areas within the Study Area were characterized through a review of published

information field mapping, and a review of the following aerial photographs.
»  LIU Aerial Survey Watertown, CT 1"=100" November 22, 1989 Black and White
«  Flight Survey and Mapping  Newbury, MA 1"=300" January 5, 1999 Color
»  Flight Survey and Mapping  Newbury, MA 1"=300" March 27, 1990 Color

The Study Area (Figure 1) is located within the Mystic River Basin and is drained by the
Aberjona River, Hall's Brook and several smaller drainages (Plate 1). The Aberjona River
north of Route 128 drains approximately 5.54 square miles and Hail’s Brook drains
approximately 1.51 square miles north of New Boston Street (USGS, 1984).

The Aberjona River originates northeast of the Site and flows in a southerly direction through
the Study Area. The floodplain of the Aberjona River consists mostly of industrially developed
areas (Woburn Flood Insurance Study, 1980). The Northern Branch of the Aberjona River
enters the northeast section of the Site and flows toward the southwest. This branch moves
to the south at SW-4, where it is fed by a culvert which drains the Lower South Pond (West
Branch). This pond, located between the East and West Hide Piles, drains the northwest
section of the Site. Within the Study Area, the Aberjona is fed by a culvert which drains
the Lower South Pond, between the West and East Hide Piles and the northeast portion of
the Site. At SW-4 the West Branch of the Aberjona converges with the Northern Branch
of the Aberjona. The Northern Branch drains the northeast portion of the Site.
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Further south, the Aberjona River is fed by discharge from Phillips Pond (South Branch of
the Aberjona). The Aberjona River continues flowing south and then westward towards
Mishawum Road, where it converges with Hall’s Brook.

The Atlantic Avenue Drainway drains the area adjacent to, and north of, the South Hide
Pile and the Chromium Lagoons (Plate 1).

Hall's Brook enters the Study Area from the west near wells OW-18/18A and drains into
the Hall’s Brook Holding Area (Plate 1}. In addition, the New Boston Street Drainway and
an Unnamed Tributary join Hall’s Brook before it flows into Hall’s Brook Holding Area.
Based upon the results of the investigation performed by Maguire Group, Inc., 1989,
"groundwater is intercepted by the brooks along the southern perimeter of the landfill"
(page 13, conclusion 2). These brooks likely discharge into the New Boston Drainway and
Unnamed Tributary located west of the Industri-Plex Site.

The Hall’s Brook Holding Area and Phillips Pond were constructed for flood control purposes
following the filling of Lake Mishawum (Wetlands Management Specialists 1986). The
construction of these flood control basins was approved by the US Army Corps of Engineers
and the Massachusetts Department of Natural Resources. The Hall's Brook Holding Area
and Phillips Pond are successful in reducing flood flow in the Aberjona River (Woburn Flood
Insurance Study, 1980).

3.3.1.2 Inventory of Discharges

During mapping of the surface-water drainages, discharges to the surface waters were identified
to assist with the evaluation of surface-water quality data (Plate 14). The locations of these
discharges were considered during the evaluation of surface-water and stream-sediment
chemical data. These discharges to the surface-water drainages were identified through field

mapping.

3.3.1.3 Flow Rates
As required by the CD, and as specified in the GSIP RI Work Plan, surface-water flow rates
were measured at the 17 observation stations during high flow and low flow conditions to

characterize flow conditions and to evaluate the relationship between surface water and ground
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water. Measurements were made on April 19, 1990 and July 31 through August 3, 1990. These
flow measurements and discharge volumes are provided in Table 3-12 and degkhfd\_in
Plates 15 and 16, respectively. %ﬁ.f‘;ﬂ#
G- i
Flow data recorded during high flow conditions (April 19, 1990) totaled 8.87 cubic feet per
second (cfs). Flow into the Study Area is 8.08 cfs at SW-10, 0.17 cfs at SW-2, and 0.62 cfs
at SW-4. Flow out of the Study Area is approximately 9.86 cfs as measured at SW-14, located
downstream of the confluence of the Aberjona River and the Hall's Brook Holding Area.

During low flow conditions (July 31 through August 3, 1990), flow into the Study Area was
approximately 2.12 cfs (combined flow at SW-1, SW-4 and SW-10) and flow out of the Study
Area was approximately 4.27 cfs at SW-14. The decrease in the flow rate out of the Study
Area during low flow conditions, when compared to high flow conditions, primarily reflects
a decrease in surface-water runoff and a relative increase in the contribution of ground water

(base flow) to the surface-water drainages.

Based upon an average of the August 21, and September 26, 1990 surface-water flow data
(Table 3-12), the relative contribution of each of the surface-water drainages to the flow at
SW-14 was estimated. Based upon these estimates, Hall’s Brook (upstream of SW-10)
contributes approximately 43 percent of the total flow measured at SW-14, the Hall’s Brook
Holding Area contributes approximately 27 percent of the flow, and the Aberjona River
contributes approximately 29 percent to the flow.

Flow rates within the Aberjona River range from less than 0.002 cfs at SW-2 (Aungust 3, 1990)-
to 2.21 cfs at SW-12 (August 21, 1990). In contrast, Hall’s Brook ranges from 0.60 cfs (July 17,
1990) to 8.08 cfs (April 19, 1990) at SW-10. The flow from the Hall's Brook Holding Area
at SW-13 ranges from 2.18 cfs (July 31, 1990) to 5.49 cfs (April 19, 1990). Itis apparent from
these flow data that Hall's Brook contributes the greatest volume of flow at SW-14 in
comparison to other surface drainages within the Study Area.

33.1.4 Sediment Transport
During the measurement of stream flow rates at high flow conditions (April 19, 1990)

suspended sediment and stream sediment samples were collected to provide an estimate of
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the total volume (suspended and bedload fractions) of sediments entering (SW-3 and SW-7)
and leaving the Study Area (SW-14). It was anticipated that bedload would be calculated,
(to permit the total sediment load to be estimated) using stream discharge and stream-
sediment grain size distribution data according to the method developed by Colby and
Hembree (1955). However, the Colby and Hembree method assumes that stream discharge
will be greater than 2 feet per second; and that the minimum water depth will be greater
than 1.0 ft. Since water depths were less than 0.89 feet (at SW-14 on April 19, 1990) and
velocities less than 1.80 ft/sec (at SW-10 on April 19, 1990) (Appendix B) total sediment
transport {suspended and bedlead fractions) could not be calculated.

Data descriptive of bedload transport in surface-water drainages of the Study Area were not
available. However, published information indicates that bedload comprises approximately
5 to 50 percent of the total sediment load of a stream (Dunne and Leopold, 1978). Assuming
approximately 50 percent of the total sediment load transported in the surface-water drainages
is bedload, and using the total sus'pended sediment load of 207 1bs/day to less than 265 1bs/day
at SW-14 (Table 3-15), an estimate of 414 Ibs/day to less than 530 Ibs/day for the total
sediment load can be developed (total sediment load minus suspended load equals the
bedload).

Although the total sediment load could not be calculated using the Colby and Hembree
method, 2 measurement of the volume of sediment being transported as suspended load into
and out of the Study Area was obtained for both high flow (April 19, 1990) and low flow
(July 31 through August 3, 1990) conditions,

Surface-water samples collected during low flow conditions were analyzed for total suspended

solids in addition to concentrations of inorganic and organic compounds (Tabie 3-15).

These estimates indicate that from 207 lbs/day to less than 265 Ibs/day of suspended sediments
are flowing from the Study Area at SW-14. Approximately 0 lbs/day to 0.45 Ibs/day at SW-3
(193 Drainway) and 10.94 Ibs/day to 19.41 Ibs/day at SW-7 (New Boston Street Drainway)

of suspended sediments are entering the Study Area from the north (upstream).
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An estimate of the suspended sediment transport from Hall’s Brook can be calculated based

upon the suspended solids concentration measured at the time of low flow sampling at SW-Q.

Suspended sediment concentrations were not measured at SW-10 during high flow conditforis*

(in accordance with the GSIP RI Work Plan). Using the measured discharge of 2.11 cfs

and a total suspended solids concentration of less than 5.0 mg/L, a discharge of less than
56.89 1bs/day was calculated (Table 3-16).

The concentrations of total suspended solids measured during low flow conditions provides
a qualitative assessment of the relative importance of each surface-water drainage in
transporting suspended solids within the Study Area (Table 3-16). These data indicate that
the highest volume of suspended solids are entering the Study Area from the west through
Hall’'s Brook and the New Boston Street Drainway. The low flow suspended solids
concentrations also indicate that the concentrations of suspended solids measured at SW-14
(207 Ibs/day) are primarily attributable to the Hall’s Brook Holding Area and not the
Aberjona River as indicated by the concentration of suspended solids recorded at SW-12 along
the Aberjona River (less than 16.17 Ibs/day). The data also suggest that the Hall’s Brook
Holding Area north of SW-13 traps suspended sediments entering from Hall’s Brook and
the New Boston Street Drainway. It is also likely that area south of SW-13 and the Hall’s
Brook Holding Area, which is a wetland (approximately one half mile in length), would be
another depositional area. Based on the flow data recorded during this investigation, the
Atlantic Avenue Drainway (SW-16) does not appear to be a conduit for the transport of
suspended solids since it did not have a measurable discharge during the high flow sampling
(<0.01 cfs) and was dry during the low flow sampling period.

3.3.2 Nature and Extent of Migration

An evaluation of the nature and extent of inorganic and organic compounds migrating in
the surface water was performed and is discussed in the following sections (3.3.2.1and 3.3.2.2).
This evaluation of the nature and extent of migration of inorganic and organic compounds
was based upon all usable water quality data developed during the August 1990 GSIP RI
surface-water sampling. Surface-water quality data were not developed during the PDL
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The analytical program for the GSIP RI was performed by Enseco-ERCO Laboratory (ERCO)
Cambridge, Massachusetts. Radian Corporation, Austin, Texas performed the metal speciation,
organo-tin, organo-mercury and Fe*? analyses. These data are provided in Appendix C. Field

measurements are provided in Table 3-13.

The GSIP RI sampling of surface waters was performed during low flow conditions from
July 31 through August 3, 1990 at the locations shown on Plate 1 and described in Table 3-10.
Analytical data for the volatile organic compounds are presented in Plate 17 and the

concentrations for arsenic, chromium, and lead, are depicted in Plate 18.

Samples were collected for total (unfiltered) and dissolved (filtered) analyses. Only total

sarmples were collected for VOCs and metal speciation analyses.

As part of the surface-water investigation, trunk sewer lines passing through the Study Area
were sampled at two locations per sewer. This sampling was performed from April 24, 1990
10 April 26, 1990 at the locations shown on Plate 13. All analyses were performed by ERCO
for Target Compound List (TCL) and Target Analyte List Metals (TAL) compounds.

The surface-water and sewer discharge samples were validated according to USEPA Region 1
guidelines presented in "Functional Guidelines for Evaluating Organic Analyses, November
1989" and "Functional Guidelines for Evaluating Inorganic Analyses, November 1989" and
the data validation procedures outlined in the GSIP RI Work Plan. The data validation
documentation is provided in Appendix D.

As with the ground-water data, the surface-water data were entered into a computer data
base (dBase III+ ) to facilitate the retrieval and evaluation of the data. The entire data base
was examined to determine the nature and extent of inorganic and organic compounds in
the surface water.

Constituents present at upstream Site boundary, on-site, and downstream surface-water

observation locations (SW-1 through SW-17 ) for both Hall’s Brook and the Aberjona River

were identified to determine what impacts may be attributed to the Site, if any.
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The upstream Site boundary surface-water observation stations are:

Hail’s Brook Aberjona River
SW-6 SW-1
SW-3

The on-site surface-water monitoring stations are:

Hall’s Brook Aberjona River
SW-7 SW-2
SW-15 SW-4
SW-10 SW-8
SW-16 SW-17

The downstream surface-water observation stations are:

Hall’s Brook Aberjona River Both
SW-9 SW-5 SW-14
SW-11 SW-12
SW-13

Surface-water stations were grouped to facilitate discussion of trends in the analytical data.
For purposes of this discussion, upstream Site boundary stations are the sample locations
furthest upstream. In some cases they are within the Site boundary but upstream of on-site
influences such as hide piles. On-site stations are those on-site and influenced by on-site

conditions. Downstream stations are downstream of the Site.

3.3.2.1 Trunk Sewer Line Sampling

The locations of sewer lines within the Study Area were determined through a review of
easement maps supplied by the Town of Woburn. Based upon an evaluation of this
information, two trunk sewer lines that pass through the Study Area were identified namely
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the City of Woburn and the Town of Reading trunk lines. The City of Woburn trunk sewer
line was sampled at SR-3 (upgradient) and SR-4 (downgradient). The Town of Reading trunk
sewer line was sampled at SR-2 (west) and SR-1 (east) (Plate 1). Analytical results for the
sewer sampling is provided in Appendix C.

The sewer lines were sampled from April 24 to April 26, 1990. No sediment was present
in any of the trunk sewer lines during the sampling period and as a result no sediment samples

were collected.

Data for the City of Woburn trunk sewers indicate that several VOCs and semi-VOCs were
detected in the upgradient sampling location (SR-3). Of the organic compounds detected,
acetone and toluene were detected in the highest concentrations (480 ug/L and 290 ug/L,
respectively). Semi-VOCs were detected in concentrations not exceeding 34 ug/1 (bis(2-
ethylhexyl)phthalate). Arsenic was detected in the upgradient sample at 5.2 ug/L (total).

The downgradient concentrations of these constituents are similar to those detected in the
upgradient samples. Acetone was detected in SR-4 at 110 ug/L and the semi-VOC s were
detected in lower concentrations (maximum concentration of semi-VOC was 33 ug/L for

4-methylphenol [dissolved sample)). The concentrationof arsenicin SR-4 was 2.0 ug/L (total).

These data indicate that the concentrations of organic and inorganic compounds are lower
in the downgradient sample (SR-4) than in the upgradient sample (SR-3) for the City of

Woburn trunk sewer line.

Data for the Town of Reading sewer line (SR-1 and SR-2) indicate that fewer organic
compounds were detected than in the City of Woburn trunk sewer line, and that those present
occurred in lower concentrations. Metal concentrations were of comparable magnitude

between the two samples collected at the east (SR-1) and west (SR-2) boundaries of the Site.
In summary, results of analyses performed on water samples from the trunk sewer lines

indicate that concentrations of organic and inorganic compounds are not higher in the
downgradient samples (SR-2, SR-4) than the upgradient samples (SR-1, SR-3).
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3.3.2.2 Surface-Water Analyses
Analytical results from the August 1990 sampling of surface water at the 17 monitoring stations
within the Study Area were used to determine the types of constituents present and their
extent. Dry conditions were encountered at two of the surface-water sampling locations, SW-3
and SW-16, which prevented collection of samples at these locations. Data were compared
to the ground-water flow and quality data to determine if these constituents are disc

to the surface-water drainages within the Study Area.

3.3.2.2.1 Nature of the Constituents Detected
The types of organic compounds detected are listed in Tables 3-17 and 3-18. Only three metals
(beryllium, nickel and zinc) were detected in both the Aberjona and Hall’s Brook surface-water

stations. Neither berylliumnor nickel were detected in surface-water samples collected during
the GSIP RI.

No PCB or pesticide compounds were detected in surface water during the GSIP RI sampling.
In addition, no ethyl-mercury, monomethyl tin, dimethyl tin, and trimethyl tin was detected
in the surface-water samples during the GSIP RI (Radian, 1990). As previously discussed,
no analytical method could be developed for dimethyl mercury.

The organic compounds detected in the upstream, on-site, and downstream locations for
Aberjona River Stations and Hall’s Brook stations are summarized in Tables 3-17 and 3-18,
respectively and also on Plate 17.

A review of the organic compounds detected in surface-water samples indicates that the
acetone concentration of 20 xg/I at SW-2 was the highest organic compound concentration
detected. In addition, many of the compounds are considered commen lab contaminants
(i.e., methylene chloride, acetone, toluene and common phthalate esters) and may not
accurately represent surface-water quality. While these data were validated as usable, many
compounds are detected at concentrations near the detection limits. For example, di-n-
butylphthalate was detected at SW-1 at 3 ug/L in a dissolved sample. Absence of this
compound in the total sample, plus the low detected concentration, make the result
questionable,
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Comparison of the total and dissolved sample results indicates that the same types of semi-
volatile organic compounds, at similar concentrations, were detected in both total and dissolved
samples (Appendix C). Only total VOC samples were collected in accordance with the GSIP
RI Work Plan.

Both dissolved and total TAL metals were analyzed at surface-water sampling locations. In
addition, analyses for tin were performed as specified in the GSIP RI Work Plan. Metals
generally detected in surface-water samples include arsenic, barium, calcium, iron, lead,
magnesium, manganese, potassium, sodium, and zinc. Generally, the same metals were seen

in stations on both the Aberjona River and Hall’s Brook drainages.

A comparison of the dissolved and total metals samples from each location indicates that
the same metals were seen in both the dissolved and total analyses at similar concentration
ranges, with the exceptions of chromium and lead which were detected only in the total metal

samples.

3.3.2.22 Extent of the Constituents Detected

As specified in the GSIP RI Work Plan, the data developed during the GSIP RI were
compared to those developed during the RI to assist in determining the extent of organic
and inorganic compounds in the ground water. Specifically, the GSIP RI and RI data were
compared to determine the types of compounds that would be mapped for purposes of defining
the extent of migration in the surface-water drainages. All of the VOCs detected in the surface
water were mapped since relatively few compounds were detected (Plate 17). All organic
compounds detected are listed in Tables 3-17 and 3-18.

Sampling of surface waters was performed during low flow conditions (July 31 through
August 3, 1990) in accordance with the GSIP RI Work Plan. The collection of surface-water
samples during low flow conditions minimized dilution of the samples from precipitation and
runoff events. Therefore, the analytical data obtained likely represent worst case conditions

than if the samples were collected during high flow conditions.
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For the inorganic compounds, the concentrations of arsenic, chromium, and lead were mapped.
The concentrations of these metals detected in surface water are depicted in Plate 18. These
metals were selected for mapping based upon their frequency of detection and concentration.
A discussion of organic (i.e., benzene, toluene) and inorganic compounds (i.e., arsenic,
chromium and lead) detected in the upstream, on-site, and downstream surface-water samg]{gg

locations on the Aberjona River flow follows. S

The extent of the constituents detected was evaluated within each surface-water body in the
Study Area (e.g. Aberjona River). In this manner, surface-water quality at upstream Site
boundary, on-site, and downstream surface-water stations at the Site could be more accurately
evaluated.

Surface water stations on the east side of the Site are located on drainage areas that flow
into, or are in, the Aberjona River. These stations include the upstream Site boundary (SW-1,
SW-3), on-site (SW-2, SW-4, SW-8, SW-17), and downstream (SW-5, SW-12, SW-14) groups
and are discussed in these groups.

Aberjona River - Upstream Site Boundary/QOrganics - Evaluation of the organic surface-water

quality flowing onto the Site, for the Aberjona River flow system, included the review of data
from one upstream station, SW-1, which was located at the north end of the Lower South
Pond. SW-3, located at the northeast corner of the Site is also considered an upstream station,
but was dry during the surface-water sampling. Only di-n-butylphthalate was detected in the
dissolved sample collected from SW-1 at 3.0 ug/L. As mentioned previously, this concentration
is considered as questionable as the compound is detected at a very low concentration only
in the dissolved sample.

Aberjona River - On-Site/Organics - SW-2 is located on the West Branch of the Aberjona
River downstream of SW-1 and the East and West Hide Piles. SW-4 is located on the
Northern Branch of the Aberjona which receives flow from the northeast corner of the Site.
SW-17 is located downstream of the confluence of these two streams. SW-§ is located at
the southeast edge of the Site and measures the surface-water quality from the 1-93 drainway
as it enters Phillips Pond. During the August 1990 sampling round, the 1-93 drainway was
dry. Thus, the sample at SW-8 represents the surface-water quality of Phillips Pond.

ROUX ASSOCIATES INC ' MO06609Dy. 1Da.3r



-62-

Di-n-butylphthalate was also detected in dissolved samples at all the on-site surface-water
stations with concentrations of 2 ug/I. at SW-2, 5 ug/L at SW-4, 6 ug/L at SW-17 and 1 pg/L
at SW-8. Among organic compounds, acetone was detected at the highest concentration (20

pg/L at SW-2). Acetone was also detected in a duplicate sample collected at SW-8 at a
concentration of 3 pg/L. Methylene chloride was detected at SW-4 at 2 ug/L.

Aberjona River - Downstream/Organics - Organic constituents detected at downstream stations
on the Aberjona River flow system include detections of di-n-butylphthalate in the dissolved
samples of SW-5 (7 ug/L), SW-12 (20 pg/L) and SW-14 (4 pg/L). Five other organic
compounds were also detected at SW-14 including:

e methylene chloride, 8 pug/L

e  bis(2-ethylhexyl)phthalate, 1 ug/L

¢ diethylphthalate, 3 ug/L

s diethylphthalate {dissolved) 2 ug/L

s di-n-butylphthalate, 1 ug/L

* n-pitrosodiphenylamine, 1 ug/L

* n-nitrosodiphenylamine (dissolved), 1 ug/L

These downstream stations (i.e., SW-5, SW-12, SW-14) on the Aberjona River measure surface-
water quality downstream of previously discussed on-site stations (i.e., SW-2, SW-4, SW-17,
and SW-8). Specifically, the relationships of these downstream stations to on-site stations
are SW-5, located approximately one-third mile downstream of SW-17 (on Commerce Way)
and measures surface-water conditions of the combined flow from the North, West, and South
Branch of the Aberjona River; SW-12, located on a channeled section of the Aberjona River,
approximately one-half mile downstream of SW-5 and includes no major new tributaries; and
SW-14, located at the very south edge of the Study Area includes flow from both the Aberjona
flow system (the east side of the Site) and Hall’s Brook (the west side of the site).

Aberjona River - Upstream Site Boundary/Inorganics - Regarding inorganic surface-water

quality, arsenic was not detected in either the total or the dissolved upstream surface-water
sample collected at SW-1. Both chromium and lead were detected in the total metal analysis
at 0.0036 mg/L and 0.0022 mg/L. Both of these values are considered estimates as they are
below the CRDL.
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Aberjona River - On-Site /Inorganics - Arsenic, chromium and lead were all detected in the
on-site surface-water sample collected at SW-2, Concentrations were 0.0245 mg/I. and 0.0406
mg/Lfor dissolved and total arsenic, respectively; 0.0039 mg/L for total chromium and 0.0030
for total lead. These arsenic concentrations are the highest detected in surface-water samples,
while both the chromium and lead concentrations are below the CRDL and g&ereforc
considered estimated. Of the three metals, only total lead was detected at! SW.4 Atan .
estimated value of 0.0042 mg/L. o

At SW-17, arsenic, chromium and lead were detected. Arsenic was detected at 0.0175 mg/L
and 0.0296 mg/L for the dissolved and total samples, respectively. Total chromium and total
lead were detected at respective concentrations of 0.0034 mg/L and 0.0063 mg/L.

At on-site station SW-8, in Phillips Pond, only total arsenic and total lead were detected.
Both values were estimated at 0.0020 mg/L for arsenic and 0.0037 mg/L for lead.

Aberjona River - Downstream/Inorganics - Inorganic analytes detected in surface water at
the downstream location SW-5, include dissolved and total arsenic (0.0138 mg/L and 0.0151
mg/L, respectively), and total lead at an estimated concentration of 0.0029 mg/L. Further

downstream at SW-12, only dissolved arsenic is detected at a concentration of 0.0111 mg/L
and total lead at an estimated concentration of 0.0036 mg/L.

Arsenic, chromium, and lead were all detected in the downstream location of SW-14, which
includes surface water from Hall’s Brook. Dissolved and total arsenic concentrations were
0.0072 mg/L and 0.0139 mg/L. Total chromium was detected at an estimated concentration
of 0.0063 mg/L, while total lead was detected at 0.0059 mg/L.

Organic compounds in Aberjona River surface-water samples occurred at concentrations close
to detection limits, with the exception of 20 ug/L of acetone at SW-2.

Arsenic, chromium and lead were not detected at all sampling locations, but at least one of
the three metals was detected in upstream, on-site, and downstream samples. Arsenic was
detected at six of the nine (SW-2, SW-5, SW-8, SW-12, SW-14, and SW-17) sampling locations.
Both dissolved and total arsenic occurred at the highest concentrations detected in surface-
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water samples at SW-2. Lead was detected in all Aberjona River samples, though often at
concentrations below the CRDL and only as a total metal. Chromium occurred also only
as a total metal and only at three locations (SW-1, SW-2, and SW-14).

Surface-water stations on the west side of the Site are located on drainage areas that flow
into or are within the Hall’s Brook Holding Area. These stations have been divided up into
the upstream Site boundary (SW-6), on-site (SW-7, SW-15, SW-10, 5W-16), and downstream
(SW-9, SW-11, SW-13, and SW-14) groups as in the previous discussion of the Aberjona River
surface-water quality.

Hall's Brook - Upstream Site Boundary/Organics - Upstream station, SW-6, located at the

west side of the Site on an unnamed tributary had two organic compounds detected, namely

chlorobenzene at 2 ug/L and di-n-butylphthalate at a dissolved concentration of 3 xg/L.

Hall's Brook - On-Site /Organics - On-site station, SW-7, located at the north end of the New

Boston Street Drainway, had seven organic compounds detected. These include:
e 1,2-dichloroethane, 6 pg/L
e methylene chloride, 7 ug/L
e toluene 2, ug/L
¢ trichloroethene 6, ug/L
*  bis(2-ethylhexyl)phthalate (total}, 2 ug/L
*  Dbis(2-ethylhexyl)phthalate (dissolved), 1 pg/L
* di-n-butylphthalate (dissolved), 3 pg/L
¢ phenol (dissolved), 1 pg/L

On-site surface-water stations also include SW-15, located south of the confluence of the
unnamed tributary and the New Boston Street Drainway; SW-10, located on Hall’s Brook
(downstream of SW-15 but upstream of the Hall’s Brook Holding Area); and SW-16, located
on the Atlantic Avenue Drainway, which flows into the northern end of Hall’s Brook Holding
Area. No surface-water sample was collected at SW-16 during the August 1990 sampling
round due to dry conditions.
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Methylene chloride and bis(2-ethylhexyl)phthalate were both detected at SW-15 at respective

at SW-10:

[ ]

chlorobenzene, 1 ug/L

methylene chloride, 7 ug/!

toluene, 2 ug/L

trichloroethene, 3 pg/L
bis(2-ethylhexyl)phthalate (total), 5 pg/L)
di-n-butylphthalate (dissolved), 4 ug/L

concentrations of 7 ug/L and 4 ug/L. These, plus the following six compounds were detected

Hall's Brook - Downstream/Organics - Downstream surface-water stations include SW-9,

SW-11 and SW-13, which are located at the north and south end of the Hall’s Brook Holding

Area pond. SW-14, which includes discharge from both Hall’s Brook and Aberjona River

before flowing off-site, is also a downstream surface-water station.

A number of organic compounds were detected at each of these downstream surface-water

stations. These compounds and their respective concentrations are listed below by surface-

water station.

Organic compounds detected at SW-0:

1,1-dichloroethane, 3 pg/L
1,2-dichloroethene, 11 ug/L

methylene chloride, 7 ug/L
trichloroethene, 11 ug/L
bis(2-ethylhexylyphthalate (filtered), 3 ug/L
di-n-butylphthalate (filtered), S ug/L
n-nitrosodiphenylamine (filtered), 1 ug/L

Organic compounds detected at SW-11:

1,2-dichloroethene, 2 ug/L
methylene chloride, 8 ug/L
1,1,1-trichloroethane, 4 ug/L
trichloroethene, 3 pg/L
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s total xylenes, 1 ug/L

*  bis(2-ethythexyljphthalate, 12 ug/L

» butylbenzylphthalate, 2 ug/L

e diethylphthalate, 3 pg/L

* n-nitrosodiphenylamine, 1 ug/L

s diethyiphthalate (dissolved), 3 ug/L

* di-n-butylphthalate (dissolved), 11 ug/L

* n-nitrosodiphenylamine (dissolved), 1 ug/L

Organic compounds detected at SW-13:
e 1,2-dichloroethene, 2 ug/L
¢ methylene chloride, 8 ug/L
¢ 1,1,1-trichloroethane, 9 ug/L
» diethylphthalate, 3 pg/L
¢ diethylphthalate (dissolved), 2 ug/L
*  di-n-butylphthalate (dissolved), 6 ug/L

Organic compounds detected at SW-14:
» methylene chloride, 8 ug/L
o  bis(2-ethylhexyl)phthalate, 1 pug/L
* diethylphthalate, 3 ug/L
» di-n-butylphthalate, 1 ug/L
e p-nitrosodiphenylamine, 1 ug/L
e diethylphthalate (dissolved), 2 ug/L
¢ di-n-butylphthalate (dissolved), 4 ug/L
* n-nitrosodiphenylamine (dissolved), 1 ug/L

Methylene chloride, diethylphthalate and n-nitrosodiphenylamine were detected at all of the
Hall's Brook downstream surface-water stations. The greatest number (eleven) of different
organic compounds were detected at SW-11, though not at higher concentrations than seen
at the other locations. In summary, organic compounds range from 1 ug/L to 11 ug/L in

upstream Site boundary, on-site, and downstream surface-water stations.
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Hall’s Brook - Upstream/Ingrganics - Inorganic analytes detected in the upstream surface-
water station SW-6 for Hall’s Brook include; dissolved and total arsenic (0.0114 mg/L and
0.0179 mg/L), total chromium (0.0116 mg/L) and total lead (0.0022 mg/L).

Hall’s Brook - On-Site /Inorganics - Inorganic concentrations for on-site station S\Bgl ed
detections of dissolved arsenic (0.0027 mg/L) and total chromium (0.0626 mg/L). ‘B

these values are estimated (below the CRDL). Dissolved and total arsenic (0.0063 mg/L
and 0.0151 mg/L) and total chromium (0.0303 mg/L) were detected at SW-15. All three
analytes were detected at SW-10 at the following concentrations: dissolved and tota! arsenic
(0.0035 mg/L an 0.0082 mg/L), total chromium (0.0205 mg/L); and total lead (0.0086 mg/L).

The downstream surface-water samples also contained arsenic, chromium and lead. These

concentrations are listed below, following an upstream (off-site) to downstream sequence.

SW-9 SW-11 SW-13 SW-14
Dissolved Arsenic (mg/L) 0.0077 0.0054 0.0056 0.0072
Total Arsenic (mg/L) 0.0081 > 0.0089 ND 00139
e
Total Chromium (mg/L) 0.0049 ND 0.0049  0.0063
Total Lead (mg/L) 0.0043 0.0032 0.0031  0.0059

3.3.2.2.3 Summary of Surface-Water Sampling Results

Surface-water samples collected in Hall's Brook and the Aberjona River showed several
general trends (Plate 22). Organic compounds were detected at generally low concentrations,
with the highest concentration being 20 ug/L of acetone (SW-2). Many of the compounds
detected were at detection limits and/or considered common lab contaminants (i.e., acetone,

methylene chloride, toluene and common phthalate esters). No benzene or toluene was
detected in surface water on-site.

Arsenic, chromium, and lead were the most widely distributed and frequently detected
inorganic constituents at the Site. Arsenic was detected in either the dissolved or total analyses
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of thirteen of the fifteen sample locations with concentrations for total arsenic ranging from
2.0 ug/L (SW-8) to 40.6 ug/L {SW-2) and for dissolved arsenic from 2.7 ug/L (SW-7) to 24.5
ug/L (SW-2).

Chromium and lead were only detected as total metals. Samples collected in the New Boston
Street Drainway/Hall’s Brook drainage at the western portion of the Site exhibited the highest
total chromium levels ranging from 20.5 ug/L (SW-10) to 62.6 ug/L (SW-7). These
concentrations may be associated with the multi-colored soils located in the vicinity of SW-7.
Total lead was detected in thirteen of the fifteen samples collected at concentrations of 2.2
ug/L (SW-1 and SW-6) to 8.6 ug/L (SW-10).

3.4 Stream-Sediment Investigation
The objective of the stream-sediment investigation was to evaluate the nature and extent of
organic and inorganic constituents in sediments of the surface-water drainage system on-site,
and within the Study Area. To accomplish this objective, stream-sediment data were evaluated
in conjunction with hydrogeological and surface-water data developed as part of the GSIP
RI. In addition, stream sediment data developed during the PDI (Task SW-1), were also
evaluated. The following data sets were employed in this investigation:

¢ GSIP RI surface-water data collected July 31, 1990 through August 3, 1990;

* GSIP RI stream-sediment data collected July 31, 1990 through August 3, 1990;

s PDI Task SW-1, stream-sediment data collected May through June 1990.

3.4.1 Nature and Extent of Migration

To evaluate the nature and extent of organic and inorganic compounds in surface-water
drainages within the Study Area, stream sediments were sampled during low flow (July 31
through August 3, 1990) conditions at the 17 surface-water observation locations (SW-1 through
SW-17) shown on Plate 1. These sediment samples were designated as SED-1 through SED-
17.1n addition, a core (CORE 1) was obtained at the location where the Hall’s Brook Holding
Areapond discharges into the wetland to the south, (Plate 1) to provide information regarding
depositional history. This location was selected in concurrence with the USEPA and their

representative {NUS). The core was analyzed for TCL compounds and TAL metals. Stream-
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sediment data were also developed as part of the PDI program by Golder AssociaQRﬂ F r
and summarized in the report titled "Pre-Design Investigation Task SW-1, Extent of Hazardous
Substances in Wetlands and Surface Water Sediments, Interim Final Report, September 1990".

These data were incorporated into the evaluation of stream-sediment quality to meet the
objective of the GSIP.

Also as part of this task, trunk sewer sediments were to be sampled concurrent with the
discharge sampling. As previously mentioned, sediments were not present in the trunk sewer
lines during the April 24 through April 26, 1990 sewer sampling, hence sewer sediment
sampling was not performed.

The analytical program for the GSIP Rl stream-sediment sampling was performed by Enseco-
ERCO Laboratory (ERCO) (Cambridge, Massachusetts). Radian Corporation, (Austin, Texas)
performed analyses for organo-tin, organo-mercury, iron oxide, manganese oxide and Fe**.
Analytical data for the stream sediments are provided in Appendix C. The stream-sediment
data were validated according to USEPA Region 1 guidelines presented in "Functional
Guidelines for Evaluating Organic Analyses, November 1989" and "Functional Guidelines
for Evaluating Inorganic Analyses, November 1989". Procedures outlined in the GSIP RI
Work Plan were also followed. The data validation documentation is provided in Appendix D.

The stream-sediment data were entered into a computer database (dBase II1+) to facilitate
the retrieval and evaluation of the data. The entire database was then examined to determine
the nature and extent of inorganic and organic compounds in the stream sediments.

PDI Task SW-1 sediment samples were collected during May and June, 1990 in upstream
and on-site locations (Plates 19-21). These samples were collected as cores (0-3 feet) and
locations at some transect samples were collected (left, middle, right) perpendicular to the
stream bed. Arsenic, chromium and lead were analyzed at all locations, while organic

compounds and TAL metals were only analyzed at selected depths and locations (Golder
Associates, 1990).
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In order to use these PDI data in a manner that data could be compared with the GSIP RI
stream-sediment data, the following practices were followed. Arsenic, chromium and lead
concentrations are taken from the samples at 0-6 inch depth. When left, middle and right
samples were collected, producing multiple concentrations, these concentrations were averaged

and presented as one concentration.

The types and extent of constituents present at upstream Site boundary, on-site, and
downstream sampling locations (SW-1 through SW-17) for both the Aberjona River drainage
area (eastern section of Site) and Hall’s Brook drainage area {western section of Site) were
identified to determine what impacts to stream sediments may be attributed to the Site, if

any.

The upstream Site boundary stream-sediment sampling locations were:

Hall's Brook Aberjona River
SW-6 SW-1
SW-3

Downstream sampling locations were given that designation since they are located downstream
of the Site. Sampling locations were designated as "upstream" if their location was upstream
of on-site influences. Thus SW-6 is located on an Unnamed Tributary to the New Boston
Street Drainway and flows from the west where the Woburn Municipal Landfill is located.
SW-1is located directly downstream of the culvert leading from the South Pond to the Lower
South Pond. SW-3 is located at the far northeast corner of the Site, at the north end of the
[-93 Drainway.

The on-site stream-sediment sampling locations were:

Hall's Brook Aberjona River
SW-7 SW-2
SW-10 SW-4
SW-15 SW-8
SW-16 SW-17
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Sampling locations were designated as onsite if they were located on the Site or their
characteristics more closely resembled the adjacent sampling group. For instance, SW-10
is designated an "on-site" sampling location even though it is not located on-site. However,
the physical characteristics of this sampling sites more closely resemble SW-15 than the
downstream locations of SW-11 and SW-13 in Hall's Brook Holding Area.

The downstream stream-sediment sampling locations are:

Hall’s Braok Aberjona River Both
SW-9 SW-5 SW-14
SW-11 SW-12
SW-13

In addition, CORE 1 in the Hall'’s Brook Holding area is considered downstream.

3.4.1.1 Nature of the Constituents Detected

The stream-sediment analytical data, from the 17 surface-water monitoring stations within
the Study Area, were used to determine the extent, types and amounts of constituents detected.
The spatial distribution of constituent concentrations was compared to surface-water and
ground-water analytical data to assess the relationship between inorganic and organic
compounds in these media and the stream-sediments. Review of the dissolved oxygen
concentrations presented in Table 3-13 indicates that anoxic conditions were not recorded

at any location. It is therefore unlikely that metal release from sediments into overlying
surface waters occurs.

Organic compounds detected in upstream Site boundary, on-site, and downstream locations
of the Aberjona River drainage areas and Hall's Brook drainage areas are summarized in
Tables 3-20 and 3-21.

No pesticides or PCBs were detected in sediment samples collected during the GSIP.
However, the analyses were performed outside of the holding times and the data was validated
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as unusable in all samples except SED-3, SED-4 and SED-5. PDI SW-1 samples did contain
the pesticide 4,4’-DDE (48 ug/kg) from the chromium lagoons and Arochlor-1248 (400 pg/kg)
from the South Pond between the East and West Hide Piles.

During the GSIP RI, methylene chloride was also detected in stream-sediment samples from
the Aberjona River.

GSIP RI stream-sediment samples included both phthalates and polynuclear aromatic
hydrocarbons (PAHs). TAL metals detected in all of the seventeen samples included
aluminum, arsenic, barium, calcium, chromium, cobalt, copper, iron, lead, magnesium,

manganese, potassium, vanadium and zinc.

Trichloroethene and trans-1,2-dichloroethene were detected in stream-sediment samples
collected during the GSIP RL. Other VOCs detected in stream-sediment samples included;
acetone, benzene, chlorobenzene, 1,2-dichloroethane, ethylbenzene, methylene chloride,

toluenes and xylenes.

VOC:s detected in samples collected in the Aberjona River drainage included (maximum values
listed); acetone (79 ug/kg), benzene (26 ug/kg), methylene chloride (56 ug/kg), toluene (1,200
pg/kg), xylene (4 ug/kg), chlorobenzene (27 ug/kg), 2-butanone (21 ug/kg), and ethylbenzene
(2 pg/kg). Arochlor-1248 (400 pg/kg) was detected in the South Pond between the East and
West Hide Piles.

Three VOCs were detected in PDI Task SW-1 samples collected within Hall’s Brook drainage
area. Acetone (69.7 ug/kg), chlorobenzene (9.3 ug/kg) and toluene (3.7 ug/kg) were detected
in a stream sediment sample (PDI Task SW-1 sample 006}, collected in the New Boston Street
Drainway which is a tributary of Hall’s Brook. These data are consistent with GSIP RI sample
results for the same area (SW-6) where concentrations of acetone (230 ug/kg), chlorobenzene
(440 pug/kg) and toluene (250 ug/kg) were detected. The pesticide 4,4-DDE (48 nug/kg) was

detected in the chromium lagoons.
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Arsenic, chromium and lead were detected in nearly all of the samples collected during the
PDI. Concentrations were generally lower in upgradient areas of the Site and increased

relative to proximity to known source areas (i.e. hide piles, arsenic pit and chromium lagoons).

In summary, stream-sediment samples collected in the Aberjona River drainage area show
fewer detected analytes and lower concentrations upstream, increase with proximity to the
Site, and while present in sediments downstream, are seen in decreasing concentrations with
distance from the Site,

A comparison of the surface-water and stream-sediment data indicates that the phthalate
and PAH compounds were detected primarily in the stream-sediment samples. The phthalate
and PAH compounds are essentially ubiquitous within the Study Area, and, tend to be more
readily adsorbed onto the fine grained stream sediments present. Phthalate and PAH
compounds have a strong affinity for organic material (humic and fulvic acids}. However,
in most soil-water systems these macromolecules are not mobile. The molecules tend to be
adsorbed onto the surface of soil particles (Landrum et al., 1984).

Of the semi-VOCs detected the phthalate compounds are used as plasticizers, n-
nitrosodiphenylamine is an accelerator in vulcanizing rubber, and the PAH compounds are
associated with coal tar.

34.1.2 Extent of the Constituents Detected

The data developed during the GSIP RI were evaluated with the PDI stream-sediment results
as discussed in the previous section. The evaluation of the combined PDI and GSIP RI data
was performed to assess the extent of organic and inorganic compound migration in surface-
water drainages of the Study Area.

VOCs detected in the stream sediments were mapped (Plate 17). Several types of PAH and
phthalate compounds were detected in the stream sediments upstream, on-site, and
downstream of the Aberjona and Hall’s Brook flow systems. The concentrations of total semi-
VOCs detected during the GSIP Rl and PDI Task SW-1, were graphed to depict the
distribution of the concentrations of these compounds in the sediments of the surface-water
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drainages (Figure 11). The concentrations of organic compounds in the stream sediments
were then compared to the concentrations of these compounds in surface water and ground

water to provide a comprehensive understanding of their transport within the Study Area.

The concentrations of arsenic, chromium, and lead recorded in stream-sediment samples during
the GSIP RI and PDI Task SW-1 are depicted in Plates 19, 20 and 21. These metals were
selected for mapping based upon their frequency of detection and concentrations,
Concentrations of arsenic in stream sediments detected during the GSIP RI were graphed

to depict the distribution of these compounds in the surface-water drainages (Figure 10).

In addition, arsenic, chromium and lead stream-sediment concentrations for the Aberjona
River were plotted versus distance from the Lower South Pond PDI Task SW-1 sample number
028 to Mishawum Road (SW-14) (Figures 12 through 14).

Aberjona River - Upstream Site Boundary/Organics - Stream-sediment samples were collected

at two upstream locations from the Aberjona River drainage area, SW-1 and SW-3. The
SW-1 location is located at the northern end of the Lower South Pond, directly south of the
culvert discharging water from Upper to Lower South Pond. While the Lower South Pond
is located between and immediately adjacent to the East and West Hide Piles, the SW-1
location is considered to be upstream of these on-site sources. SW-3 is located at the northern
end of the [-93 drainway, a portion of which flows west into the North Branch of the Aberjona

River.

Two volatile organic compounds were detected in SED 1, methylene chloride (7 pg/kg) and
toluene (6 pug/kg). These values are comparable to the concentration of 7 pg/kg detected
in SED-3. As both methylene chloride and toluene are common laboratory contaminants
and these concentrations are close to the CRQL of 5 ug/kg, it is questionable if these
compounds are present in sediments from these locations. Bis(2-ethylhexyl)phthalate was
the only SVOC detected at the SW-1 location. No SYOCs were detected in SED-3.

Two upgradient samples collected during PDI Task SW-1 were analyzed for volatile organic
compounds. No VOCs were detected in Task SW-1 sample number 42, collected in the South
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Pond and north of SED-1. Acetone, at 49 ug/kg, was the only VOC detected in Task SW-1
sample number 49, collected in a wetland adjacent to the northern branch of the Aberjona
River (Plate 17).

Aberjona River - On-Site/Organics - On-site sediment samples for the Aberjona River
drainage area were collected at SW-2, SW-4, SW-17 and SW-8. SW-2 is located within the
West Branch of the Aberjona River, downstream of the SW-1 location and the East and West
Hide Piles. SW-4 is located on the Northern Branch of the Aberjona. SW-17 is located
downstream of the confluence of the West and North Branch of the Aberjona River. SW-8
is located where the 1-93 Drainway enters Phillips Pond.

VOCs detected include acetone in SED-17 (22 ug/kg) and methylene chloride in SED-2 (6
pg/kg), SED-4 (5 pug/kg), SED-17 (4 ug/kg) and SED-8 (7 ug/kg). These concentrations
are close to those quantified at upstream locations. Fourteen SVOCs were detected in on-site
stream-sediment samples. Eleven of the fourteen compounds were detected in SED-2, ranging
from 1,500 pg/kg for both fluoranthene and pyrene to 320 ug/kg for anthracene. Six SVOCs
were detected in SED-17, ranging from 1,300 ug/kg for benzoic acid to 110 ug/kg for bis(2-
ethylhexyl)phthalate. No semi-volatile compounds were detected in either SED-4 or SED-8.

The organic compounds, their concentrations, and samples they were detected in are listed
in Table 3-20.

Six of the PDI Task SW-1 sediment samples collected in the Lower South Pond were analyzed
for volatile organic compounds. Eight compounds were detected and the highest
concentrations of each were acetone (79 ug/kg), benzene (26 ug/kg), chlorobenzene (27
ug/kg), methylene chloride (56 pg/kg), toluene (1,200 ug/kg), ethylbenzene (2 ug/kg), xylene
(5 ng/kg), and 2-butanone (21 pg/kg). Acetone was also detected in the two pond and stream
samples collected adjacent to the East Central Hide Pile at 22 ug/kg in sample number 21,
and 28 ug/kg in sample number 57.

Aberjona River - Downstream/Organics - Downstream sediment samples for the Aberjona
River flow system were collected at SW-5, SW-12 and SW-14. Three volatile organic
compounds were detected in SED-5; 2-hexanone (9 ug/kg), methylene chloride (4 pg/kg)

and 4-methyl-2-pentanone (2 ug/kg). Thirteen semi-volatile compounds were also detected
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in SED-5, ranging from 200 ug/kg for anthracene to 1,900 ug/kg for benzo{b)fluoranthene
and 1,900 ug/kg of benzo(k)flucranthene. SW-5 is located downstream of all the Aberjona

River upstream and on-site surface-water stations.

SED-12, which was collected approximately one half mile downstream of SW-5 had three
volatile organic compounds detected; methylene chloride (4 pg/kg), tetrachloroethene (3
pg/kg), and trichloroethene (2 ug/kg). Fifteen semi-volatile organic compounds were detected
in SED-12, ranging from dibenzofuran at 540 ug/kg to fluoranthene at 24,000 pg/kg.

SW-14, the most southerly and downstream station is just below the confluence of the Aberjona
River and the Hall's Brook Holding Area. The enly volatile organic compound detected
in SED-14 was methylene chloride at a concentration of 2 pg/kg which is very close to the
detection limit. Thirteen semi-volatile organic compounds were detected in this stream-
sediment sample ranging from 290 ug/kg of indeno(1,2,3-cd)pyrene to 3,300 ug/kg for 3,3’-
dichlorobenzidine.

In summary, organic compounds detected in stream-sediment samples from the Aberjona
River flow system had concentrations of VOCs ranging from 2 ug/kg to 99 ug/kg, with the
exception of toluene concentrations of 1,200 ug/kg and 650 pg/kg collected in the Lower
South Pond. SVOCs were not detected in stream sediments collected on the east side of
the Site (SED-3, SED-4 and SED-8). Semi-volatile organic compounds were detected in
sediments collected on-site. These compounds are also detected in downstream sediment
samples collected at concentrations ranging from 540 ug/kg for dibenzofuran to 24,000 ug/kg
for fluoranthene at SED-12, and then decreasing to concentrations ranging from 290 ug/kg
for benzo(g,h,i)perylene to 3,300 ug/kg for 3,3’-dichlorobenzidine further downstream at
SED-14.

Aberjona River - Upstream Site Boundary/Inorganics - Stream-sediment samples collected
during the GSIP RI were analyzed for TAL metals and tin. PDI Task SW-1 samples collected

at 0-6 inch depth were analyzed for arsenic, chromium, and lead. These three metals
concentrations are shown in Plates 19 through 21.
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Upstream Aberjona River sediment samples were collected at SED-1 and SED-3. The metal

concentrations for arsenic, chromium and lead are presented below.

SED-1 SED-3
Arsenic (mg/kg) 4.8 29.4
Chromium {mg/kg) 28.6 304
Lead {mg/kg) 11.6 26.7

Task SW-1 sediment samples collected in upstream locations show the following ranges of
concentrations: arsenic, 1.1 mg/kg to 69.6 mg/kg; chromium, 6.9 mg/kg to 61.7 mg/kg; and
lead 10.1 mg/kg to 487 mg/kg.

The lead concentration of 487 mg/kg was detected in sample number 49, collected in a
wetland in the northeast corner of the Site.

Aberjona River - Op-Site /Inorganics - Arsenic, chromium and lead were detected in all of
the on-site stream-sediment samples collected along the Aberjona River flow system. In
addition, mercury which was detected at SW-2 (0.100 mg/kg), is within background levels
for soils {Shacklette and Boerngen). Concentrations for arsenic, chromium and lead at each

station are presented below,

SED-2 SED-17 SED+4 SED-8
Arsenic {mg/kg) 371 58.6 42 2.6
Chromium (mg/kg) 546 100 27.3 1.6
Lead (mg/kg) 212 116 28.7 53

The PDI SW-1 and GSIP data presented in Plates 19, 20 and 21 show that higher
concentrations detected in samples collected in ponds and wetlands may be a function of
the grain size of the samples. Finer grained sediments possess greater surface area per unit

of mass upon which metals can be adsorbed in comparison to coarse grained sediments.
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Aberjona - Downstream/Inorganics - Downstream sediment samples continue to decrease
in concentration with distance from the Site. Sediment concentrations for arsenic, chromium

and lead are listed sequentially from upstream to downstream locations below.

(on-site) (downstream)

SED-17 SED-5 SED-12 SED-14
Arsenic, mg/kg 38.6 12.5 94 20.6
Chromium, mg/kg 100 222 18.6 13.5
Lead, mg/kg 116 28.7 41 7.3

Generally, a decreasing trend is seen in metal concentrations in stream sediments along the
Aberjona River. Stream and pond sediments had lower metal concentrations in upstream

and upgradient Site locations than those detected on Site and downstream.

Hall’s Brook - Upstream Site Boundary/Organics - Stream-sediment samples were collected

at an upstream location in the Hall's Brook drainage at SED-6. Three volatile organic
compounds were detected in SED-6 including acetone (230 ug/kg), chlorobenzene (440 pg/kg)
and toluene (250 ug/kg). Four semi-volatile organic compounds were detected in SED-6:
bis(2-ethylhexyl)phthalate (7,900 ug/kg), fluoranthene (1,200 ug/kg), phenanthrene (1,000
pg/kg) and pyrene (1,200 pg/kg).

Hall's Brook - On-Site/Organics - On-site stream-sediment samples for the Hall’s Brook
drainage were collected at SW-15, SW-10, and SW-16. These on-site sampling locations
represent two different tributaries within the Hall’s Brook Holding Area. SW-7, SW-15 and
SW-10 are located on the New Boston Street Drainway/Hall’s Brook tributary draining the

far northwest corner of the Site. SW-16 is located in the Atlantic Avenue Drainway which
drains the central portion of the Site.

VOCs detected in on-site sediment samples at the locations discussed above include 1,2-
dichloroethene (2 pg/kg) and trichloroethene (3 pg/kg) in SED-7; methylene chloride (6
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pg/kg), tetrachloroethene (11 pg/kg), and trichloroethene (3 pg/kg) in SED-15; methylene
chloride (3 pg/kg) and tetrachloroethene {2 ug/kg) in SED-10; and acetone (170 pg/kg) in
SED-16.

Only one SVOC, bis(2-ethylhexyl)phthalate, was detected in SED-10 (290 ug/kg) and in SED-7
(94,000 ug/kg). Seventeen different semi-volatile organic compounds were detected in SED-15.
Concentrations ranged between a high of 5,200 ug/kg for bis(2-ethylhexyl)phthalate to a low
of 100 ug/kg for n-nitrosodiphenylamine. Thirteen semi-volatile organic compounds were
detected in SED-16. They ranged between 1,700 ug/kg for anthracene to 27,000 ug/kg for
benzo(b)fluoranthene.

One PDI Task SW-1 sample collected in the New Boston Street Drainway was analyzed for
VOCGCs. Two VOCs were detected in the left, middle and right samples, acetone (54 to 96
ng/kg) and chiorobenzene (7 to 18 ug/kg).

Hall’s Brook - Downstream/Organics - The Hall’s Brook drainage area downstream sediment-
sampling locations include SED-9, SED-11, SED-13 and SED-14. CORE 1 (collected
approximately 50 feet downstream of SW-13) is also a downstream sediment sample. SW-9,
SW-11 and SW-13 are all located in the Hall’s Brook Holding Area Pond. These samples
(SW-9, SW-11, and SW-13) are finer grained (87-100 percent silt and clay) than the other
stream-sediment samples (less than 46 percent silt and clay). As a resuit of the finer grained
nature of the Hall's Brook Holding Area sediments, organic and inorganic compounds are,
in general, present in higher concentration than the other stream-sediment samples. These
higher concentrations are attributed to the high surface area upon which organic compounds
and metals can sorb. Additionally, as sediments settle out in the slower flowing waters of
the pond, the area is acting not only a holding area for stream flow from the north, but also

sediments transported in the stream flow from upstream locations.

Volatile organic compounds detected in the stream-sediment samples collected in the Hall’s
Brook Holding Area were as follows. The four compounds detected in SED-9 included
benzene (2100 pg/kg), 1,2-dichloroethane (28 ug/kg), ethylbenzene (40 pg/kg) and total
xylenes (150 ug/kg). Three volatile organic compounds were detected in SED-11 included
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acetone (470 ug/kg), benzene (160 ug/kg) and 2-butanone (47 ug/kg). Finally, five volatile
organic compounds were detected in SED-13 included acetone (400 pg/kg), benzene (200
pg/kg), 2-butanone (71 ug/kg), ethylbenzene (9 ug/kg) and methylene chloride (39 ug/kg).

Semi-volatile organics were also detected in these samples and are listed on Table 3-21. The
number of compounds detected, and range of concentrations for each sampling location, are
as follows. Thirteen semi-volatile organic compounds were detected in SED-11 and ranged
from 1,500 pg/kg for anthracene to 78,000 ug/kg for bis(2-ethylhexyl)phthalate. Ten semi-
volatile organic compounds were detected in SED-13 and ranged from 1,000 ug/kg of
benzo(a)pyrene to 29,000 ug/kg of bis(2-ethylhexyl)phthalate.

Due to high detection limits in SED-9, ranging from 1,800 to 8,900 ug/kg, no SVOCs were
detected. The detection limits for the SVOCs at SED-9 are shown on Table 3-22.

SW-14, the most southerly and downstream station is just below the confluence of the Aberjona
River and the Hall’s Brook Holding Area. The only VOC in SED-14 was methylene chloride
(2 pg/kg), detected at a concentration close to the detection limit. Thirteen semi-volatile
organic compounds were detected in this stream-sediment sample with ranges from 290 ng /kg

forindeno(1,2,3-cd)pyrene andbenzo(g,h,i)perylene t0 3,300 ug/kg for 3,3’-dichlorobenzidine.,

Hall’s Brook - Inorganics - Maximum concentrations for 21 of the 24 metals analyzed during
the GSIP RI were found in stream samples collected within the Hall’s Brook drainage area.

Maximum concentrations were antimony (375 mg/kg), barium (462 mg/kg), lead (4210 mg/kg),
mercury (9.5 mg/kg), silver (13.6 mg/kg) and thaillium (38.4 mg/kg) in the sediment sample
collected at SW-7. SED-7 was the only sample in which thallium was detected.

Arsenic, chromium and lead concentrations detected in stream sediments are shown on Plates

19, 20 and 21. A discussion of metal occurrence follows,

Hall's Brook - Upstream Site Boundary/Inorganics - Arsenic, chromium and lead

concentrations in Hall's Brook upstream sampling location SW-1/001 and SW-6 are listed

bhelow.
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SW-1/001 SED-6
Arsenic (mg/kg) 16.5 154
Chromium {mg/kg) 234 95.4
Lead (mg/kg) 16.3 273

PDI Task SW-1 sample number 1 was collected at a wetland at the northern end of the New
Boston Street Drainway, and is included as it is the most upstream sample collected on that
tributary. Mercury was also detected at SED-6 (0.4 mg/kg).

Hall’s Brook - On-Site /Inorganics - The metals listed below were also detected at on-site
sampling locations; SED-7, SED-15, SED-10, and SED-16 at the concentrations listed below.

SED-7 SED-15 SED-10 SED-16
Arsenic (mg/kg) 1580 511 170 928
Chromium (mg/kg) 331 118 321 140
Lead (mg/kg) 4210 346 315 354
Mercury, mg/kg 9.5 0.3 <0.1 <04

SED-15 sediment sample was collected downstream of sampling locations SW-6 and SW-7.
Metal concentrations are lower than those in SED-7 but greater than those in SED-6. SED-16
was collected on-site in the Atlantic Avenue Drainway, which drains the central portion of
the Site.

Hall's Brook - Downstream/Inorganics - Selected metal concentrations in on-site stream-

sediment samples are listed below:
SED-9 SED-11 SED-13 CORE 1 SED-14

02 -05%
Arsenic (mg/kg) 9830 1750 1330 9.9 20.6
Chromium 1090 529 382 139 13.5
(mg/kg)
Lead (mg/kg) 611 320 275 57 7.3
Mercury (mg/kg) 1.9 1.7 1.0 <0.1 <03
ROUX ASSOCIATES INC
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Arsenic concentrations plotted versus distance are shown in Figure 12. Downstream sediment
samples first show an increase in metals concentrations as sediments from on-site settle out
and are deposited in Hall’s Brook Holding Area pond. A decline in concentrations is then

seen as distance from the Site increases.

General Trends in Sediment Trace Metal Concentrations - As a general rule, trace element

concentrations in sediment increase as grain size decreases due to an increase in the surface
area/volume ratio as the particle size diminishes (Horowitz, 1991). Thus, it is important to
recognize that the interpretation of bulk sediment concentration (i.e. mg/kg) can be strongly
biased if the grain size distribution data are ignored. For this evaluation, data from both
the GSIP RI (stations designated SW) and the PDI (stations designated SW-1) were utilized.
It is thus important to note that the former investigation determined grain size while the latter
did not.

Aberjona River Drainage Area - The relationship between the distance from Lower South
Pond versus sediment metal concentration of arseni¢, chromium, or lead are illustrated in
Figure 12, 13, and 14, respectively. All three metals appear to correlate fairly well fromstation
to station, indicating that grain size may be a significant factor with regard to bulk sediment
concentrations. A "best fit" curve was plotted for each dataset, yielding a function which most
closely approximates an exponential decay term. This observation is consistent with findings
in the literature which state that physical and chemical processes (e.g., adsorbtion,
complexation, precipitation) will remove metals from the water column, the particulate bound
metals will ultimately be transported to the sediment, and sediment concentrations will
generally decrease to near background levels within 300 to 1300 meters of a known source
(Baudo et al., 1990; NAS, 1977).

Hall’s Brook Drainage Area - Only two samples were collected in the Unnamed Tributary,
which flows east (toward the Site). If PDI station SW-1 006, taken at the confluence of this
tributary and the New Boston Street Drainway, is included in the dataset for this stream, then

the concentrations of arsenic and lead increase, while no trend is evident for chromium.

The New Boston Street Drainway, flowing south, differs from other Site locations in that the

concentrations of chromium in sediment do not increase or decrease in proportion with arsenic
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or lead. For locations selected within this stream, sediment concentrations for the arsenic
and lead are proportional (r = 0.97), and generally decrease as one moves in either direction
from GSIP RI location SW-7. For chromium, however, the concentrations are greater in
the small wetland to the north and generally decrease in the direction of flow. Further south
(SW-15 and SW-10), sediment chromium concentrations continue to decrease, while
concentrations of arsenic and lead are variable (Plate 18).

The flow regime for the Atlantic Avenue Drainway is intermittent. Accordingly, samples
taken within this area cannot be characterized as a true "sediment”. This area has seen past
industrial activity and, based on previous investigations, soils adjacent to this drainway were
shown to exceed action levels for arsenic, chromium, and lead. With the exception of
chromium, no clear trend in the data is evident as one moves in the direction of anticipated
flow, Chromium increases closer to the proximity of the chromium lagoon, as expected.
Arsenic and lead correlate very well within this dataset, indicating that the source is most
probably lead arsenate and that bulk sediment metal concentrations (mg/kg) may be

influenced by grain size.

The ponded portion of the Hall’s Brook Holding Area receives runoff from Hall's Brook,
the Unnamed Tributary, the New Boston Street Drainway, and the Atlantic Avenue Drainway.
The deeper waters of the Hall's Brook Holding Area pond allow siltation of much of the
suspended sediment that is present in the water column. Similar to observations made within
the Aberjona River, arsenic, chromium, and lead concentrations decrease as a function of
the distance moved downstream (away from the Atlantic Avenue Drainway) within the Hall’s
Brook Holding Area. At this time, it would be premature to draw conclusions based on the
results of four sampling locations. If, however, the relationship seen within the Aberjona
holds true for the Hall’s Brook Holding Area, i.e. an exponential decrease in bulk sediment
metal concentration versus downstream distance, then sediment concentrations south of the

ponded area should also be expected to decrease to near background levels.

Because sediments sampled within the Hall’s Brook Holding Area are depositional, they have
a higher percentage of silt, clay, and total organic carbon than other substrates sampled within
the Study Area (Table 3-19). Many of the matrix elements, such as aluminum and manganese,
show similar concentrations as Site related metals (arsenic, chromium and lead). Interpreting
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the data strictly on bulk sediment metal concentration, it would appear that the sediments
within the Hall’s Brook Holding Area have concentrations of metals such as cadmium, that
exceed background concentrations. In natural soils and sediment, cadmium normally ranges
between 0.1 to 1 ppm and is generally proportional to zinc as they have very similar colligative
properties (Friberg ef al, 1986). This relationship also appears to hold true for the Hall’s
Brook Holding Area (Figure 15). It can be seen that there is a significant linear relationship
between cadmium and zinc in these sediment samples (r = 0.94). Though it would not be
prudent to draw any firm conclusions on a few data points, it can be deduced that: a) the
amounts of cadmium and zinc are not markedly greater (possibly 2 to 3 fold) than
concentrations found in natural sediment (Baudo, et 4., 1990); and b) the concentrations
of cadmium and zinc most probably reflect the proportions of Cd/Zn in pyritic material that
may be present in soils upstream of the Hall’s Brook Holding Area (= 1:157).

The above example is not intended to demonstrate that the Hall's Brook Holding Area
contains near background concentrations of constituents of concern. The intent is to
demonstrate that caution should be exercised in the interpretation of bulk sediment analyses,
and that grain size distribution should not be ignored. Even in relatively pristine environments,

trace metal concentrations will generally increase as grain size decreases.

As expected, the general trend seen for arsenic, chromium, and lead concentrations in sediment
is to decrease as the downstream distance between the Site and the sampling stations increase.
Metal concentrations in samples taken within streams that move through areas currently slated
for remedial activity (e.g. New Boston Street Drainway, Atlantic Avenue Drainway) are
generally higher than those taken in less disturbed (e.g. Upper South Pond, North Branch
of Aberjona) areas.

3.4.1.3 Summary of Stream-Sediment Sampling Results

Chlorinated VOCs, phthalates, and PAHs were detected in sediment samples collected within
the study area (Plate 23). Toluene was detected in sediment samples from the upstream
boundary of the Site and on-site, but not in downstream samples. Benzene was detected in
pond sediments, downstream (Hall's Brook Holding Area), and on-site {(Lower South Pond),
but not in stream sediments. Arsenic, chromium, and lead were the metals most frequently

detected upstream, on-site, and downstream of the Site.
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Analytical results of sediment from the farthest downstream surface-water sampling stations
(SW-14, located just south of Mishawum Road) suggest that organic and inorganic compounds
are not migrating off-site.

An order of magnitude decrease in organic and inorganic constituent concentration from the
north end of Hall’s Brook Holding Area (SW-9} to the south end of Hall’s Brook Holding
Area (SW-13) and then again to the confluence of Hall's Brook with the Aberjona River
{SW-14) indicates that Hall's Brook Holding Area pond and wetland is effective at trapping
organic and inorganic compounds transported (on fine-grained sediment) from upstream and
preventing downstream migration of this sediment.

A similar trend is seen in the Aberjona River with decreasing arsenic, chromium, and lead
concentrations with distance from the Site. Volatile organic compounds detected in on-site
sediments are not detected downstream with the exception of methylene chioride which occurs
in samples collected throughout the study area. Total semi-volatile organic compounds were
detected at higher concentrations in downstream samples than in samples collected within
the Site boundary.

3.5 Metals Mobility Study
The objective of the metals mobility study as outlined in the GSIP RI Work Plan, was to
determine the factors that govern the mobility of arsenic, chromium, lead, and mercury in
soil and ground water at the Site. Data developed during the GSIP RI and the PDI programs,
as well as information reported in the literature, were evaluated to meet this objective.
Specific tasks performed as part of the metals mobility study were:
* determination of the environmental mobility and fate of arsenic, chromium, lead,
and mercury by evaluation of the literature, and existing database (Section 3.5.1);
* measurement of the critical parameters controlling the mobility of arsenic, chromium,
lead, and mercury in ground water {Section 3.5.2);
* determination of the chemical species of arsenic, chromium, lead, and mercury present
in ground water at the Site (Section 3.5.3); and
¢ evaluation of the current and future mobility of arsenic, chromium, lead, and mercury
at the Site based on the information obtained above (Section 3.5.4).

MO06609Dy. 1Da.3r



3.5.1 Evaluation of the Literature and Database

This section provides a summary of the available literature, an evaluation of the geochemistry
of these four metals in relation to the soil and ground-water database, and an assessment
of the critical parameters that control metals mobility in soil and ground water at the Site.
An analysis of the published literature on the semi-metal arsenic (As), and the metals
chromium (Cr), mercury (Hg), and lead (Pb) in soils with similar physical and chemical
properties to those of the Site, demonstrates that precipitation and sorption within these media

may be a significant mechanism controlling metals mobility.

Variables controlling contaminant mobility at the Site include the ground-water flow rate,
and the chemical reactions that control mineral solubilities, adsorption, and secondary reactions
(e.g., coprecipitation) that affect aqueous composition. In addition, understanding the
relationship between soil and ground-water metal distribution requires correlating the
distribution of metal sources with the distribution of dissolved metals in the ground water,
and the values of several critical geochemical parameters such as dissolved oxygen, chemical
oxygen demand (COD), oxidation potential (Eh), and pH. The Eh and pH conditions are
especially important because they often govern metal solubility in the soil/aquifer system
(Adriano, 1986; Alloway, 1990; Brookins, 1987). With an understanding of the factors
controlling contaminant transport, a range of remedial alternatives may be developed that

will control migration,

With regard to the types of analyses performed and the geographic distribution of sampling
locations, the most complete ground-water data set was collected during the GSIP Rl program
and Phase 1 of the PDI. Therefore these data have been used to interpret the aqueous
geochemistry at the Site. Soil metal relationships were also evaluated using the Phase 2 soils
data, PDI Task S-1 data, and PDI Task SW-1 data. Sewer, surface-water and stream-sediment
data collected during the GSIP RI were also used to evaluate these ancillary routes of
potential metal transport. Although soils, surface waters and sediments are important as
metals sources, the emphasis in this section is placed on ground water because it is the primary

transport route for metal migration.

Data from the GSIP RI and the PDI were used to develop a paradigm, or conceptual model,

of the geochemical mechanisms controlling metals migration at the Site (Figure 16). Sections
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3.5.1,3.5.2, and 3.5.3 of this report summarize the geochemical mechanisms controlling metals
mobility as determined by evaluation of data developed during Site investigations and based
on the literature. Section 3.5.4 couples geochemical mechanisms, which appear to control
metals mobility at the Site, with geochemical plume maps, compiled from Site-specific data,
to demonstrate the validity of the conceptual geochemical model of the Site.

3.5.1.1 Background/Site History
Soil sampling conducted at the Site during the Phase 1 and Phase 2 investigations has

identified the following locations at which the concentrations of priority pollutant metals in
soil exceeds 100 ug/kg.

e Arsenic pit (11 acres).

¢ Chromium Lagoon (9.5 acres).

* Area West of MBTA railroad tracks (6.0 acres).
* Atlantic Avenue Drainway (2 acres).

The industrial processes utilized at the Woburn Site during the period 1853 to 1980 can
account for the variety of metals in the soil and ground water. The distribution of these metals
at the Site is complicated due to a combination of variable on-site waste disposal practices,
the movement and subsequent replacement of hide bearing soils and the differential mobility
of metals in the subsurface. The following section briefly reviews the manufacturing history
of the Site in terms of the types of metals found on the property.

Period from 1853 to 1933

Arsenical pesticides manufactured at the Site may have included lead m-arsenate, monolead
o-arsenate, trilead arsenate and calcium arsenate formulations beginning in, or about, 1892
(Thompson, 1973). In addition, magnesium and zinc arsenates may have been formulated
from 1920 to 1930 and from 1920 on, respectively, as substitutes for lead arsenate. Several
methylated arsenic compounds have been used as selective herbicides. However, it is unlikely
that methyl species were manufactured at the Site because these formulations were not used
prior to 1961 (National Academy of Sciences, 1977).
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Pyrite was used at the Site during this period to make sulfuric acid (H, SO, ), that was also
used to formulate hydrochloric acid (HCl}) and tin chloride (SnCl). In addition to providing
potential sources of suifate (SO,), hydrogen sulfide (H,S), chloride (Cl), and tin (Sn), pyrite
degradation in the soil may have generated sulfuric acid. Pb and Zn are also present in pyrite
mineral assemblages as the sulfides galena (PbS) and sphalerite (ZnS). In addition, As may

be present as a minor impurity in pyrite (Barnes, 1979).

Dyes were also manufactured on the Site during the period from 1853 to 1933. The Phase 2

RI (Roux Associates, Inc., 1984) indicates that metals associated with this type of processing
include Pb, Hg and Cr.

Period from 1933 to 1969

New England Chemical operated a factory that generated glue from raw animal hides and

chrome tanned hides. This process utilized magnesium carbonate (MgCO,), sodium hydroxide
(NaOH), and H, SO, to extract glue constituents from the hides. Consequently, the hides
could be a potential source of Mg, SO,, and alkalinity. In addition, the Hide Piles may be
a source of Cr(VI) and/or Cr(III) to the aquifer, possibly migrating in solution as an organic

complex (James and Bartlett, 1983).

Circa 1980
The Hide Piles were placed in their current locations. It is important to recognize that the
hide piles were placed on top of the existing grade. Historical evidence also indicates that
soils containing metals were placed on the pre-1931 grade long before the hide piles were
developed. The Phase 2 RI (Roux Associates, Inc., 1984) provides the following estimates
of the volume of buried hide material at the Site.

e East Hide Pile (3.2 acres, 125,000 yd®)

*  West Hide Pile (2.6 acres, 50,000 yd?*)

» East-Central buried hides (5.7 acres, 106,000 yd*)

* South-Central Hide Pile (1.4 acres, 60,000 yd*)

The hide piles represent a large source of organic material and, as evidenced by the presence
of methyl mercaptan and hydrogen suifide gas, have apparently induced extremely reducing

conditions in the soil and the underlying ground water (Roux Associates, Inc., 1984). Thus,
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in addition to acting as a Cr source, the hide piles generate reducing conditions in the ground
water. Historical practices at the Site not only explain the potential sources of metals found
in the soils and ground water, but have produced variations in the geochemical conditions

that control metal migration.

3.5.1.2 pH and Eh conditions
To emphasize the importance of acidity and redox on metal transport, Eh-pH diagrams have
been constructed using the ground-water data from the Site. The approximate Eh-pH limits

for naturally occurring soil/ground-water systems, and the water stability limits are shown
in Figure 17.

Eh-pH diagrams are used to illustrate environments where solid phases or minerals may
precipitate in soil and ground-water systems (Pourbaix, 1966; Kotrly and Sucha, 1985; Smith
and Martell, 1976; Lindsay, 1979; Brookins, 1986). In environments where dissolved species
(i.e., anions and cations) predominate, metals are unlikely to be attenuated by precipitation
reactions.

The boundary between an environment where a mineral precipitates and where dissolved
species predominate represents the general location of a transition domain that exists between
two adjacent domains, rather than an abrupt boundary. For example, if the Eh-pH conditions
of soil or ground water fall near a phase boundary on an Eh-pH diagram, but in an
environment where dissolved species predominate, precipitation may occur but should not
be the predominant reaction in the system. However, even when solid phases are predicted
to control solubility, the precipitation reaction may be hindered by kinetic factors, or even
be misconstrued due to the presence of unanticipated species (e.g. organo-metallic complexes)
not considered in the calculations, However, despite these inadequacies, Eh-pH diagrams
provide valuable information pertaining to metal solubility controls in soil and ground-water
data.

3.5.1.3 iron and Sulfur
Iron (Fe) exists in two common valence states, the oxidized Fe(III) and the reduced Fe(II)

form. Much of the Fe at the Site originates from spent pyrite (FeS,) used to generate H,50,°.
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In an oxidizing environment, the incongruent dissolution of remnant pyrite is facilitated by
the presence of Thiobacillus to produce amorphous ferric hydroxide (Fe(OH),) and acid:

FeS, + 425 O, + 2.5 H,0 2 Fe(OH), + 2H" + 250,? (Eq. 1)

Precipitation of Fe(OH), is an important reaction due to the strong affinity of this solid to
remove other metals from solution by coprecipitation and/or adsorption. However, in the
absence of oxygen and in a reducing environment near neutral pH (Figure 18) congruent
dissolution of pyrite is likely, catalyzed by Fe(IIl) in the presence of bacteria (Nordstrom,
1977):

FeS, + 14Fe’* + 8H,0 2 15Fe*? + 250,27 + 16H* (Eq. 2)

Ferrous ion is highly soluble under reducing, acidic to neutral pH conditions (Figure 18).
Under normal atmospheric conditions it will oxidize rapidly (Figure 19) with a half life of
18 to 38 minutes at pH 6.8 (Sung and Morgan, 1980) and precipitate in the presence of oxygen:

Fe’* + 3H,0 2 Fe(OH),, + 3H* + ¢ (Eq. 3)

In addition to the Fe system, the sulfate/sulfide couple may also be used to qualitatively
describe the redox state of a soil, sediment or ground water. As conditions become more
reducing, aqueous sulfide forms through the reduction of sulfate mediated by organic matter
{generalized by CH,0), i.e;

$SO,* + CHO + O, + 10H* + 8¢ 2 H;$ + CO, + SO0 (Eq. 4)

As aqueous sulfide concentrations increase, volatile hydrogen sulfide gas forms. The presence
of detectable H,S,, methyl mercaptan (CH,HS), dissolved iron, and low dissolved oxygen
concentrations in areas downgradient from the hide piles are all indicative of a reducing

environment in these areas.
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Superimposing the Eh-pH data from the March 1990 sampling round onto Figure 18
demonstrates that much of the ground-water samples fall within the Fe(OH), (iron hydroxide)
stability field (Figure 20). Based on field Eh measurements (Table 3-7) and the presence
of hydrogen sulfide, it is likely that redox conditions in the vicinity of the hide piles are
sufficiently reducing to allow dissolved Fe(IT) to migrate away from the area. When this water
encounters a more oxidizing environment, Fe(OH), precipitates, resulting in the removal of
other metals by coprecipitation or adsorption.

3.5.1.4 Arsenic

The environmental geochemistry of As has been described extensively in several comprehensive
literature reviews on a variety of topics, i.e., As speciation in the environment (Rai, ef al.,
1984); the effect of microbiota on speciation (Cullen and Reimer, 1989); As metallurgy (Reddy,
et al., 1988); the effect of As on aquatic organisms (Phillips, 1990) and As toxicology (National
Academy of Sciences, 1977).

Arsenic chemistry is complex due to occurrence of the semi-metal in two valence states (1II)
and (V), and because of organic complexes that form in a reducing environment, especially
with As(IIl). Under oxidizing conditions, As(V) predominates {Figure 21), while under
reducing conditions similar to those found in the vicinity of the hide piles, As(III} is the major
form (Figure 22).

Precipitation/dissolution reactions of As in soils and ground waters have not been studied
extensively. However, some stable inorganic precipitates form under environmental
temperatures (298 K) and pressures (1 atm.), most notably Ba,(AsO,), above pH 7
(Wagemann, 1978). In addition, precipitated iron arsenate, aluminum arsenate, and calcium
arsenate have also been noted in river sediments (Chunguo and Zihui, 1988) while Hess and
Blancher (1977) found that Pby(AsQ,), and Mn,(AsQ,), controlied As solubility over a wide
range of Eh and pH conditions in soils. Scorodite (Fe(AsO,) - 2H,0) has been found to limit
As solubility in acidic environments (Robins, et al, 1988). However, it is unlikely that
scorodite controls As solubility at the Site, because the ground-water pH (5.3 to 7.8) is too
alkaline.
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While precipitation of inorganic As species may be important in some specialized
circumstances, it appears that As migration is dominated by sorption to inorganic (e.g.
amorphous ferric hydroxide, manganese oxyhydroxides) surfaces (Rai, er al., 1984). For
example, Mok and Wai (1990) found a strong correlation between the extent of arsenic
adsorption and the presence of free iron oxides and free manganese oxides in Coeur d’Alene

river sediments.

A strong correlation was also found between As and Manganese {Mn) concentrations in the
sediments of Puget Sound, leading to the conclusion that incorporation of As in the Mn oxide
lattice was occurring (Peterson and Carpenter, 1986). Also, maxima in dissolved As and Fe
occurred at the same depth in the sediment (beneath the dissolved Mn maxima), demonstrating
that high dissolved As concentrations existed only under conditions favorable for the dissolution
of both Fe and Mn oxides.

Belzile (1988) investigated the factors controlling As mobility in sediments from the Laurentian
Trough where the Eh ranged from about + 150 to -180 millivolts (mV), pH from 7.05 to 7.95,
As from 1 to 30 mg/L, and Fe$ from 0 to 4,500 mg/L.. He concluded that As was generally
associated with Fe and Mn oxides because dissolution of Fe oxyhydroxide led to the
simultaneous release of As and Fe into porewaters, supporting the hypothesis that As was
sorbed to, or incorporated into, the solid matrix.

In summary, sorption of inorganic As(V) is controlled by the presence of Fe and Mn oxides
and hydroxides. Several investigations (i.e., Leckie, ef al., 1980} have demonstrated that
increasing sorbent concentrations (akin to increasing the surface sites available for adsorption)

results in a greater percentage of the metal removed from solution {Figure 16).

In a reducing environment, such as in the presence of decomposing organic matter, arsenate
is reduced to arsenite that may become methylated to monomethylarsonic acid (MMAA)
or dimethylarsinic acid (DMAA). The following equations schematically describe the potential
steps in the reaction pathway:
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H,AsO° + 2H* + 2¢ 2 H,AsO,° + H,0 (Eq. 5)
CH,O + 2H* + 2e 2 CH;OH (Eq. 6)
CH;0H + H;AsO;° 2 CH,AsO(OH), + H,0 (Eq. 7)
CH,AsO(OH), + CH,OH + 2H* + 2¢ 2 (CH,),AsO(OH) + 2H,0 (Eq. 8)

Eq. (5) describes the reduction of As(V) to As(IIl) in a reducing environment. Eg. (6)
represents the breakdown of organic matter to generate methanol that subsequently forms
MMAA (Eq. 7) and DMAA (Eq. 8), through bacterially mediated respiration (Figure 24).
Under anaerobic conditions DMAA may be converted to arsine gas by the common soil
bacteria Pseudomonas (McBride and Wolfe, 1971; Cheng and Focht, 1979).

Few studies have investigated the sorption of arsenate, arsenite, MMAA and DMAA.
However, organoarsenical comnplexes are less tightly bound to soils (Wauchope, 1975; 1983).
Specifically, the studies to date have found that in both aerobic (Moban, et al, 1982) and
anaerobic environments (Holm, et al, 1980), the order of affinity for sediment was arsenate
>arsenite > MMAA >DMAA (Figure 25).

Arsenic Migration Rates
The As migration rates reported in the literature are typically based on research into

application of arsenical pesticides on agricultural test plots. Consequently, these investigations
are not representative of the complex geochemical environment present at the Site, and their
results are not directly relevant. However, a brief review is included to provide baseline
information against which As migration rates at the Site may be compared. In the simple
systems reported in the literature, As tends to migrate slowly, probably because the more
readily sorbed pentavalent form predominates in the typically aerabic, shallow, subsurface
soils.

For example, Steevens et al. (1972) measured the migration rate of As applied over three
years at 45 to 720 Kilograms/hectare (kg/ha) in a well-drained Plainfield sand containing
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0.7 percent carbon, 4 percent silt, and 7 percent clay at a pH of 5.5. Arsenic moved into
the subsoil to a depth of 38 centimeters (cm) for the 90 and 180 kg As/ha treatments and
to a depth of 68 cm for the 720 kg As/ha, treatment.

Woolson and Isensee (1981} studied As migration rates of As over 5 years applied at 9.0,
17.9, and 89.6 kg As/ha on a Matapeake silt loam containing 1.5 percent organic carbon,
38.4 percent sand, 49.4 percent silt, and 1.2 percent clay at a pH of 5.1. Arsenic was found
to have migrated down to 30 cm within three years of application of 89.6 kg As/ha, and to
30 cm within five years, for the 9.0 and 17.9 kg As/ha treatments.

Jackson and Levin (1979) reported the migration of As applied at 5.0 mg As/cm? in a Captina
silt loam containing 63.7 percent clay, 29.1 percent silt, 7.2 percent sand, and 3.2 percent
organic carbon at a pH of 5.6 and a cation exchange capacity (CEC) of 8.5 milliequivalents
(meq)/100g. In this soil, As migrated to depths of 10 to 15 cm after one year.

In summary, As(V) sorbs more strongly to particle surfaces than the reduced forms. At the
Site, it is possible that the migration of As downgradient from the West and East-Central
Hide Piles has been facilitated by reduction of As(V} to As(IIl), which is subsequently
methylated to form the more mobile MMAA or DMAA (Cullen and Reimer, 1989).

3.5.1.5 Chromium

Several monographs have been published that describe the environmental geochemistry of
Cr (e.g., Schmidt, 1984; Rai, et al., 1988). In addition, a series of papers provide information
concerning precipitation, oxidation and reduction reactions of Cr in soils, and the toxicity
and effect of organic complexing on Cr mobility (Bartlett and Kimble, 1976a, 1976b; Bartlett
and James, 1979; Ross, et al, 1981; James and Bartlett, 1983a, 1983b, 1983¢). At surface
conditions (T=298 K, p=1 atm.}, Cr exists in two valence states, Cr(III) and Cr(VI). Generally,
the more toxic and mobile Cr(VI) is found in oxidizing environments, while the less toxic

and immobile trivalent form predominates in reducing environments (Figure 26).
Chromium (VI) is generally anionic and thus tends to be more mobile under alkaline

conditions (pH >7.5), although migration rates are highly dependent on the sorbent (Figure 27).
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For example amorphous ferric hydroxide is extremely efficient at removing Cr(VI) from
solution, while clays e.g., kaolinite and montmorillonite, are much less effective sorbents (Rai,
et al., 1988).

Chromium solubility is controlled by a limited suite of solid phases. The least soluble Cr(VI)
precipitate is PbCrQ,, although BaCrQO, has been shown to form rapidly under ambient
environmental conditions. While the solubility product of BaCrO, is four orders of magnitude
greater than PbCrO,, it may act to limit Cr(VI) solubility in the vadose zone in the absence
of Pb (Rai, et al, 1988).

In a reducing environment and in the absence of Fe, Cr(IIl) precipitates readily to form
Cr(OH),. However, due to the similarity in ionic radii (Cr = 1.25 A, Fe= 1.24 A), Cr can
easily substitute for, or form solid solutions with Fe(III) in mineral structures (Faust and Aly,
1981), in which case the typical stoichiometry is Cry,Feq ,5(OH), (Eary and Rai, 1988). In
the absence of Fe, the ground-water pH-Eh conditions straddle the equilibrium line between
Cr{OH)," and Cr(OH),,,, suggesting that this precipitate controls Cr solubility in an Fe poor
environment (Figure 28):

Cr(OH),” + H,0 2 Cr(OH),,, + H* (Eq. 9)
in the presence of Fe, Cr, ,sFe, ;;(OH), may precipitate (Figures 29 and 30) by the reaction:

Cr(OH)," + 3Fe*’ + 10H,;0 2= 4[Cr,,Fe,1(OH),] + 10H* (Eq. 10)

or

H,0+ Cr(OH),* + 3Fe (OH)y,3 4 [Cro5Fe,qs(OH,)]+H* (Eg. 11)

Under either scenario, Cr is present as Cr(Ill), based on the ground-water Eh-pH

measurements, and on an evaluation of the agueous Cr speciation data (Table 3-23).
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Reactions 9 and 10 are well known to control Cr solubility. For example, precipitation of
Cr(IIl) hydroxide and Cr(IlI)-Fe hydroxide minerals kept Cr(III} concentrations in ground
water at levels below the drinking-water standard (50 ug/L) over a pH range of 5 to 10 (Rai
and Zachara, 1986).

Grove and Ellis {1980a) reported that water-soluble Cr(III) and Cr{VI) converted to insoluble
Cr(IIT) compounds in acidic Rubicon sand and Morley clay loam soils. They also reported
similarities between Cr(III) and Fe(Iil) chemistries in these two soils. In addition, Grove
and Ellis (1980b) reported that Cr(HI) or Cr(VI} in soils can react with water-soluble iron
to form a mixed hydrous Fe(III) and Cr(III) oxide mineral. Their findings are substantiated
by Cary, et al (1977), who reported that Cr soil chemistry appears to be dominated by
formation of inert metal oxides of Cr(Ill) and Fe.

Iron in the reduced Fe(IT} form has also been shown to rapidly facilitate reduction of Cr{VI)

to Cr(III) that subsequently precipitates to form an insoluble hydroxide, i.e:

0.75Fe*? + 0.25H,CrO,° + 2H,0 2 CryasFe,s(OH), + 1.5H* + ¢ (Eq. 12)

For example, Stollenwerk and Grove (1985) reported great difficulty removing Cr from a
sand and gravel alluvial soil that had aged for 1.5 years. They found Cr(VI) underwent
reactions that made it relatively insoluble. Chromium (VI) slowly became part of the structure
of iron oxide, or was reduced to Cr(III) and coprecipitated with iron hydroxide. The source
of electrons for reduction of Cr(VI) to Cr(IlI) probably included Fe(II) and organic matter.

Shroeder and Lee (1975) also found that Cr(VI) was reduced to Cr{III) by Fe(II) and dissolved
sulfides, and that sand, bentonite, and iron oxide fixed and adsorbed 90 percent to 99 percent
of the Cr(III) from the water phase in seven days. Their study demonstrated that Cr(IIT)

sorbed and precipitated as a metal hydroxide under reducing conditions in sediments.

Bloomfield and Pruden (1980) reported that Cr(VI) was extensively reduced to Cr(III) in
neutral pH soils under anaerobic conditions, while a rapid decrease of extractable Cr(VI)
was observed by Ross, ef al. (1982) during a three week soil incubation study, indicating rapid
reduction of Cr(VI) in soil.
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Although inorganic Cr geochemistry is well understood, only limited work has been undertaken
to investigate organic complexing of Cr. Organic complexes are dependent upon the
availability of organic ions. For example, an organic species that remains neutral across the
pH range of the Site will not complex metals. Alternatively, an organic compound that loses
hydrogen ions (H*) will exist in an ionic form (as a conjugate base of that acid) and be able

to complex positively charged metals (cations).

The tendency for dissociation of an organic species is defined quantitatively by the acid
association constant (pKa). If the pH of the ground water is higher than this value, an organic
compound loses hydrogen ions (H*), allowing for complexation of metal cations. If the organic
compound has more than one hydrogen ion in its structure, multiple pKa’s may be associated
with the analyte. Some of the organic acids that may control Cr(III) solubility at the Site
have multiple pKa’s. Compounds that complex Cr{IIT) are potentially present in soil organic
matter at the Site (i.e., citric acid in hides; pK; = 3.1, pK, = 4.8, pK, = 6.4). In addition,
aqueous organic complexes may be present as accessory chemicals used during hide processing
(i.e., gallic acid; acid dissociation constant = 4.2, acid dissociation constant = 8.9); form
during hide decomposition in the subsurface; or be present as a by-product from another
chemical process (i.e., acetic acid; acid dissociation constant = 4.8). For example, James
and Bartlett (1983b), investigating Cr behavior in tannery effluent, found that a soluble Cr(III)-
citrate complex formed following the reduction of Cr(VI) to Cr(III}. In the absence of citrate,
no soluble organo-chromium complex was detected. By analogy, possible formation of a
Cr{II)-acetate complex at the Site would explain the extent of Cr downgradient from the
West and East-Central Hide Piles, where consideration of inorganic geochemistry alone would
postulate rapid reduction and precipitation.

Chromium Migration Rates

As with As, the complexity of potentially competing organic and inorganic reactions at the
Site precludes use of the published literature as an analog to predict the rate of Cr migration
in the subsurface. The following references are provided to present baseline conditions, against
which Cr mobility at the Site may be compared.
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Banin et al. (1981) studied Cr(V]) migration rates in arid-zone surface soils containing 68
to 119 ug Cr/kg soil. After 28 years of irrigation at a rate of 7,000 to 8,000 cubic
meters/ha/yr, chromium migration was confined within the top 40 ¢m of a loamy sand soil,

a sandy loam soil, and a clay loam soil.

In other studies, Chang, et al (1984) reported that Cr accumulated over a six year period
in the zone of deposition in shallow Greenfield sandy loam and Domino loam; Degroot, et
al. (1979) reported minimal Cr migration in fine sandy loam soils over a 30 year time period;
while Hinesley, et al. (1972) reported that Cr migration was limited to a few centimeters

beyond the zone of application.

Lund, et al. (1976) reported a maximum migration distance of about 3 meters for Cr in
Hanford and Hesperia coarse-loamy soils and in Delhi sand and loamy sands over a 12 year
period, while McGrath and Lane (1989) found that Cr had migrated only 3.5 ¢cm below the

plow layer, 47 years after its addition to soil as part of sewage sludge.

In summary, if Cr was initially released in the hexavalent form at the Site, it is likely that
the presence of Fe(II) and the generally reducing environment in the hide pile areas resulted
in the reduction of Cr(VI) to Cr(IlI) and subsequent precipitation as a hydroxide. However,
if organic acid activities are at the millimolar levels, complexing of Cr(III) by organic acids
is likely to maintain Cr in solution (James and Bartlett, 1983), and may explain the extent

of the Cr ground-water plume downgradient of the hide piles.

3.5.1.6 Mercury

Mercury (Hg) exists in a large number of different physical and chemical forms, each of which
may have widely disparate transport and toxicity characteristics. As a result there have been
several reviews describing various aspects of Hg chemistry (i.e., Gavis and Ferguson, 1972;
Jernelov, et al, 1975; Williams and Funston, 1987; Robertson, ef al., 1987, Kabata-Pendias
and Pendias, 1984). The principal inorganic forms include complexation by Cl under mildly
acidic, oxidizing conditions and by sulfur under the reducing conditions characteristic of the
Site (Figure 31). However, these compounds are extremely insoluble, ie., 0.2 ng/L in
equilibrium with HgS between pH 5 and pH 7.
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Of particular interest is the superimposition of ground-water conditions (as determined during
the GSIP) on the Hg Eh-pH plot (Figure 32), which shows that much of the Hg occurs in
the elemental state at a maximum solubility of about 60 ug/L at 25°C. In addition, the
generally reducing environment in the ground-water system precludes formation of several
aqueous oxidized species, most notably, Hg,*? HgCl,° and Hg(OH),® (Figure 31). However,
Hg tends not to form precipitates except for coprecipitation of Hg(IT) with Fe(OH), (Inoue
and Munemori, 1979). While this reaction may occur in surficial soils, it is unlikely in ground
water except in specific wells (i.e.,, OW-16) where Eh-pH conditions are conducive to Fe
precipitation (Figure 17).

The chemistry of Hg is especially complicated by its affinity for organic groups, in particular -
CH,;, -NH, and -SH. These organic species may be important constituents of the aqueous
assemblage at the Site, although Faust and Aly (1981) conclude that between a pH of S to
G and at redox conditions below 500 mV, organic Hg complexes tend to be thermodynamically
unstable. These conditions are typical of those at the Site. Consequently, methylation of

the Hg is likely to be unstable, allowing for the sorption of Hg to Fe(OH); and other surfaces.

For example, there is a body of information demonstrating that Hg sorption is controlled
primarily by the fraction of organic carbon, and by the availability of manganese oxide surfaces
in soils, aquifers and sediments. Generally, in the absence of Cl, Hg is readily sorbed by
many materials under oxidizing conditions, essentially independent of pH over the range 5
to 8 (Bruninx, 1975; Kinniburgh and Jackson, 1978; Inoue and Munemori, 1979). Attenuation
of Hg, probably as the Hg(OH),° complex in surficial soils by oxide surfaces, is cited to explain
the concentrations detected at the Site (2 ug/L to 5.7 pg/L).

Sorption of Hg on soils has been demonstrated in several studies. For example, Hogg et al.
(1978) investigated the sorption of Hg in Asaquith sand containing 7 to 13 mg/kg Hg and
in Oxbow loam containing 22 to 37 mg/kg Hg. Nineteen weeks after applying 10 mg/kg Hg
as HgCl,, phenylmercuric acetate, and methylmercuric chloride, more than 99.7 percent of
the Hg could not be extracted by several extractants, indicating that the Hg was immobilized
by soil colloids.
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Elsokkary (1982) found that Hg deposited on soil from industrial emissions over several
decades had migrated to a maximum depth of only 40 cm in a clay loam soil. These soils
possessed a pH range from 7.5 to 8.1, organic matter contents from 1.6 to 2.8 percent, and

2 to 4 percent carbonate. The total Hg content of the soils ranged from 10 to 495 ug/ke.

William, et al. (1980) studied Hg migration rates on a Dublin loam with a pH range of 5.2
to 5.6. Sludge treatments were applied from 0 to 225 tons/ha containing a Hg concentration
between 5 and 14 mg/kg. The sludge was incorporated into the upper 20 cm and after three
years the soil was analyzed to a depth of 80 ¢m to determine Hg migration. At sludge
applicatiens of 225 tons/ha, Hg had percolated to a maximum depth of only 5 cm, while

migration of 1 to 2 cm was more common for sludge applications between 45 and 135 tons/ha.

In summary, an analysis of published migration studies demonstrates that Hg exhibits low
mobility in soils similar to those at the Site, and low solubility in the event Hg percolates

to ground water.

3.5.1.7 Lead

The geochemical factors controlling lead (Pb) concentrations and mobility in both stream
and ground waters are well known (Hem, 1975, Saether, et af, 1988). In ground waters, Pb
exists primarily as Pb(II), in which form the cation is subject to complexation, sorption and

precipitation reactions controlling the dissolved Pb concentration.

The important precipitates in soils include anglesite (PbSO,), cerrusite (PbCQO;), Pb,(PO,),
and Pb(OH),, depending on the pH and the activity (concentration) of the anions. For
example, Santillan-Medrano and Jurinak (1975) conducted equilibrium batch studies of solid
phase formation of lead in soils. They reported that in noncalcareous soils, Pb was regulated
by Pb hydroxide and phosphates. In calcareous soils at alkaline pH, Pb solubility was
controlled by PbCO,,.

A representative Eh-pH diagram for the system Pb-H20-C03-SO, using analyte activities
determined from geochemical modeling of well OW-14, demonstrates that at the Eh-pH
conditions characteristic of the Site, Pb is not likely to precipitate. Rather, Pb will be
complexed as PbSO,° and Pb(OH)+, below and above pH 6.6, respectively (Figure 33).
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Superimposing the measured Eh-pH conditions on the diagram (Figure 34) demonstrates
that PbSO,° will control Pb solubility in a majority of the wells. In areas of lower SO,
concentrations, the dominant form will be Pb**

In addition to attenuation by precipitates, Pb readily sorbs to alumina, silica and Fe(OH),
surfaces. Hildebrand and Blum (1975) found that clay minerals, amorphous iron hydroxides,
goethite, hematite, and organic matter all adsorbed Pb, while Kinniburgh, et al (1976)
established that Pb was selectively sorbed at low pH (Figure 35). Zimdahl and Skogerbee
(1977) in a study of 18 soils containing 1.9 to 33 mg/L Pb with a pH between 5.3 to 8.1,
found that the soils had a large capacity to attenuate Pb by complexation with organic matter,

precipitation as carbonates, and sorption by iron and manganese oxides.

Published Lead Migration Rates

Transport rates for lead reported in the literature must be related to the specific chemical
forms of lead (source dependant) and soil characteristics before applying these estimates to
the Site. Possible lead sources at the Site include releases of lead arsenate pesticides
formulated during the period from 1892 to 1920, Pb from the dissolution of spent pyrite, Pb
from possible spills of leaded gasoline, and Pb from dye wastes. Lead released from each
source is associated with a characteristic suite of companion analytes or Pb complexes. For
example, the signature for leaded gasoline includes toluene, xylene, and possibly benzene,
if the spill is recent (early 1970°s); pyrite Pb would be associated with sulfide and sulfate
complexes, while Pb pesticides may result in Pb arsenate aqueous complexes in ground water
near the source.

The variety of Pb sources at the Site are sufficiently dissimilar to the published Pb transport
rates as to render the literature data of limited use. However, a few studies representative
of the large body of literature on this subject are included to provide baseline conditions from
which comparisons to Site conditions may be made.

Generally, Pb is extremely immobile. For example, Banin et a/l. (1981) studied the migration
rates of lead in arid-zone surface soils containing 0.73 to 18 mg/kg. After 28 years of irrigation
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at a rate of 7,000 to 8,000 cubic meters/ha/yr, lead migration was confined within the top
40 cm of a loamy sand soil, within the top 20 cm of a sandy loam seil, and within the top

20 cm of a clay loam soil.

Page and Ganje (1970) estimated Pb migration rates in ten Southern California alluvial surface
soils with pHs from 5.4 to 7.4 and from 12 to 52 mg/kg lead. Lead migration was limited
to the surface 2.5 cm over a 27 to 49 year time period.

McGrath and Lane (1989) investigated Pb migration at the Woburn, England Experimental
Farm, 47 years after its addition to soil as part of sewage sludge. They found that Pb had
migrated only 3.5 cm below the plow layer. The total Pb content of this soil ranged from
10.4 to 102 mg/kg. Another evaluation of sludge derived lead (Williams et al., 1980) indicated
that Pb movement was limited to a maximum of 5 cm in Dublin loam soil. The retardation
of Pb in these studies is notable because organically complexed metals are more mobile in
soil when applied as sludge, than when applied in the inorganic form (Gerritse et al. 1982;
O’Conner, et al., 1983).

Based upon the above published data, Pb migrates extremely slowly (e.g. cm/yr.) through
unsaturated soils. The Pb concentrations detected during the GSIP RI program support the
conclusions presented in the literature. For example, Pb was only detected in one dissolved
ground-water sample at a concentration of 16 pg/L.. In addition, only two ground-water
samples, OW-14 (299 ug/1) and OW-28 (162 ug/L), contained total Pb concentrations greater
than 50 ug/L. It is also noteworthy that the dissolved Pb concentrations in these wells were
16 ug/L and <2ug/L respectively, while the Fe concentrations in these wells (21.6 and 226
mg/L, respectively) were among the highest at the Site. These data suggest that Fe(OH),
precipitated in the observation wells adsorbed Pb to the amorphous soils, hence the absence
of concentrations greater than 50 ug/L in the samples analyzed for dissolved metals.

3.5.1.8 Alkalinity and Anionic Constituents

Over the pH range of ground waters at the Site, bicarbonate (HCQOj;") is the predominant
form of inorganic carbonate alkalinity. The major source of HCO; is atmospheric CO;,
entrained in the aquifer, replenished and maintained at an equilibrium activity by calcite in

the overburden. In addition to inorganic carbon, it is likely that organic acids also contribute
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to the total alkalinity. This hypothesis is supported by historical activities at the Site, such
as the existence of an acetic acid manufacturing facility, and by the presence of a large source
of organic material in the form of the hide piles. Analysis for alkalinity involves titrating
the solution to pH 4.5. Consequently, any acetic or other organic acids (principally carboxylic
acids), with a pKa between the ambient ground-water pH and pH 4.5 (the end point of the
titration) will contribute to the titrated alkalinity (Figure 36). The most important effect of
these acids is the strong aqueous complexes they form with cationic metals (e.g., Cr, Pb, Hg,

etc.).

A plume of chloride originates from the East-Central Hide Pile, probably due to the leaching
of salts used in the tanning process from the hides. Contribution of Cl from pre-1933 era
HCI production is unlikely, given the well defined nature of the plume emanating from the
hide pile that extends approximately 6,000 feet between wells OW-16 and OW-20. Because
Cl is a conservative (i.e., non-reactive) solute, it serves as a good tracer for determining
ground-water flow velocity. Assuming an average ground-water flow rate of approximately
1.62 ft/day (based on a range of 0.99 ft/day to 2.26 ft/day; Section 3.2.2.6), the travel time

for Cl should be approximately ten years, in excellent agreement with the burial date of the
East-Central Hide Pile (circa 1980).

Sulfate in the aquifer results from dissolution and oxidation of spent pyrite from the sulfuric
acid manufacturing era (pre 1933). It is biologically important and may act as an electron
acceptor in the absence of oxygen. The absence of SO, in ground-water samples collected
from OW-16 is evidence that the reducing conditions under the East-Central Hide Pile
facilitate reduction of SO, leached from the pile to H,S. This observation would explain
generation of H,S° from the hide piles (i.e., up to 20,000 ppb in soil gas) (Roux Associates,
Inc., 1984). The highest SO, concentrations are found west of the East-Central Hide pile,
indicating that the East Hide Pile or the West Hide Pile may also be contributing to the SO,
plume. In addition to the consumption of sulfate by microbially facilitated reactions, SO,
solubility may also be controlled by precipitation of gypsum (CaSO,. 2H,0), through dissolution
of calcite (CaCQ,) in the overburden by mildly acidic, sulfate-rich ground water, i.c.:

2H,0 + H,S0, + CaCO,, 2 CaSO,2H,0,, + H,CO, (Eq. 13)
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Sulfate is also well known to compete for sorption sites with chromate. For example, Leckie,
et al. (1980) demonstrated that as SO, concentrations increased from 10 to 10,000 mg/L.,
adsorption of CrO,? by Fe(OH),,,,, at pH 6 decreased from 90 percent to 40 percent. By
analogy, it is likely that the presence of SO, in the vadose zone at the Site facilitates Cr

migration through competitive exclusion on the available surface sites.

Phosphorous (P) was detected downgradient of the East-Central Hide Pile. Phosphate is
an important analyte in biological reactions as a limiting nutrient controlling microbial
population growth rates. In addition, PO, is chemically similar to arsenate (AsO,) and may
influence As mobility. For example, even though PO, is less strongly adsorbed than AsQO,
(Wauchope and McDowell, 1984), it may increase arsenate mobility through competition
for the same adsorption sites (Goldberg, 1986).

3.5.1.9 Statistical Analysis/Geochemical Modeling

Summary statistics for Phase 2 soils data from different depths in the soil profile were
calculated for the log-normally transformed data base to determine the geometric mean metal
concentrations for As, Cu, Cr, Hg, Pb and Zn. These values were then compared with average
soil metal concentrations derived from acidic rocks (gneiss ) characteristic of the Site petrology
(Kabata-Pendias and Pendias, 1984).

To evaluate the relationships between transport mechanisms and the available data, statistical
relationships were examined for the 1990 dissolved ground-water dataset (n = 22), omitting

Ag, Hg and Cr due to insufficient data points (0, 0, and 4 respectively).

The ground-water data were also evaluated using Piper diagrams in an attempt to distinguish
between ground waters of different source and/or composition, and to evaluate potential
mixing of ground waters. Finally, the equilibrium geochemical model MINTEQAZ2 (Brown
and Allison, 1987), was used to determine potential metal solubility controls that result from
precipitation of solids in the aquifer. The variables incorporated in these analyses included
pH, Eh, alkalinity, Al, As, Ba, Cd, Ca, Cr, Co, COD, Cu, Fe, potassium (K), Mg, Mn, sodium
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(Na), nickel (Ni), PO,, selenium (Se), Sn, SQ,, Total Organic Carbon (TOC), Total Suspended
Solids (TSS), vanadium (V), and Zn. Mercury and Ag were omitted from the list of variables
because their concentrations were below the analytical detection limit during this sampling

round.

Summary statistics were calculated for soils metal data using three data bases (I, II and III).
Data base I represented 1045 cases collected during the 1983 RI, while data bases II and
III utilized combined PDI, GSIP and RI data. Data base I contained As, Cu, Cr, Pb, Hg
and Zn, data base II (131 cases) represented soils designated as being collected from hide
areas, while data base IIT (1571 cases) represented soils collected from non-hide soils
respectively, The combined data base was segregated into hide and non-hide unimpacted

soils samples to determine if the two soil populations are statistically different.

Geometric mean concentrations and standard deviations were determined for a log-normally
transformed data base, developed after inspection of the histograms demonstrated that the
raw data were positively skewed (e.g. Figure 37). This transformation is commonly used to
generate a normally distributed data base amenable to multivariate statistical analysis (Davis,
1986). After data analysis, average metals concentrations at the Site were determined by

taking the exponent of the average concentration of the transformed variable (Table 3-24).

Based on this statistical analysis, the average Pb and Hg concentration in data base I soils
was approximately one order of magnitude greater than the upper range of values reported
for soils from U.S. gneisses (the Site overlies gnessis crystalline bedrock). The average As
soil concentration is 3 times, Cr 2 times, whereas Cu and Zn are similar to the U.S. average
(Table 3-25).

A conventional correlation statistic (Davis, 1986) was also calculated after standardizing the
transformed data set to remove numerical bias. This was achieved by subtracting the mean
concentration from each record and dividing by the standard deviation. A pairwise test
(Walpole and Myers, 1985) was selected to maximize the number of samples included in the
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correlation matrix. The results (Table 3-26) demonstrate that there is a strong correlation
(at the 1 percent level) between As, Pb, Hg and Zn, but the Cr is not correlated with As,
Pb, or Hg, and only weakly with Cu and Zn. These data suggest that the source of Cr (the
hide piles) is spatially distinct from the source of As, Cu, Hg, Pb and Zn (inferred to be

pesticide residues, dye wastes, spent pyrite, etc.)

To further investigate the hypothesis that the hide and non-hide soils are representative of
statistically different populations a Student’s t-test was performed to compare the distribution
of As, Cr and Pb concentrations in the hide and non-hide soil data bases (Il and IIT) assuming
that the population was collected randomly, the populations are normally distributed (data
lognormally transformed to meet with criteria), and the variances are approximately equal,
verified using Bartlett’s test (Walpole and Myers, 1985) for equality of variances (Table 3-27).
Parametric methods such as the Student’s t-test are robust to departures from normality,
particularly when larger sample sizes (i.e. > 30) are available (OSWER, 1986).

The results of this analysis (Table 3-27) demonstrate that the means of the two soil populations
are different (at the 5 percent level) for As, Cr and Pb, suggesting that the hide and non-hide

soils are statistically distinct in terms of metals concentrations.

Statistical Analvysis of Ground-Water Data

Based on probability density function plots, the frequency distribution of many of the variables

in the GSIP ground-water data set (dissolved constituents) were found to be positively skewed.
Therefore these populations were logarithmically transformed to convert the data set into
a normal distribution (Figures 37 and 38). The entire data set was then standardized
(converted to mean = (, standard deviation = 1) to prevent numerical bias, and the Pearson

statistic used to calculate correlation coefficients.

The transformed, standardized data base was used to evaluate spatial similarities between
ground-water chemistry using hierarchical cluster analysis. The objective of this test was to
determine if ground waters from different areas at the Site could be grouped quantitatively,

in conjunction with the more qualitative Piper diagram to test the statistical relationship
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between the major cations (Ca, K, Mg, and Na) and anions (Cl, HCO, and SO,) in Site ground
waters. A trilinear diagram, (Piper, 1944) is often used to draw inferences pertaining to
groupings of waters at a site. The plot is also useful in distinguishing the evolution of ground
waters, if waters of differing chemical composition mix resulting in a commingled water with
a different aqueous chemistry.

Each of the 22 wells sampled during the GSIP program were put into one of four groups
that were identified by calculating complete linkage Euclidean distances (Figure 39).
Superimposing the four groups upon the Piper diagram (Figure 40), demonstrates that not
only are the ground waters sampled by the observation wells not spatially related, but that
sophisticated statistical techniques cannot deconvolute any underlying relationship between
ground-water chemistry in the wells. This conclusion is based upon the absence of any trend
in major anion and cation chemistry downgradient from the implied sources of contamination.
Only one relationship is apparent, namely the grouping of wells OW-4, OW-6, OW-7, OW-10
and OW-15, all of which are interpreted as "background” wells. The remaining well chemistries
are widely spread across the diagram, possibly representing a variety of different sources,
each of which contribute characteristic analytes to each well.

While statistical comparison between wells did not identify strong correlations between
aqueous parameters, the Pearson statistic did identify some geochemical relationships between
individual analytes (Table 3-27). For example, pH and Eh were inversely correlated (r = -
.78) at the 1 percent level (where r > 0.53 is significant at the 1 percent level when n-1 =
21; Snedecor, 1956). This interpretation supports the conclusion that redox reactions are
occurting across the Site. Specifically, the slope of the Eh-pH relationship (Figure 41) is
similar to the lines on the Eh-pH diagrams corresponding to Cr(IlI) and Fe(IIl) agueous
species in equilibrium with Cry,Fe, ,(OH); (Figure 23) and Fe(Il) in equilibrium with
Fe(OH), (Figure 13).

Statistically significant relationships are also apparent between Cuand Zn (r = 0.60), between
Cu and pH (r = -0.59), and between Zn and pH (r = -0.62). The negative correlations with
pH demonstrate that as the pH increases, dissolved Cu and Zn decrease, probably due to
increased sorption to available substrates, such as clays or amorphous hydroxides. The inverse

correlation between divalent cations and pH represents a quasi-sorption curve (Figure 42).
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In addition, pH is positively correlated with As (Figure 42), suggesting that As mobility (in
the form of dissolved concentrations) increases with pH, consistent with the findings of other
workers (e.g., Gulens, et al., 1979; Pierce and Moore, 1980).

Other important correlations include alkalinity with COD (r = 0.81), suggesting that conjugate
organic acids (e.g., acetate) contribute to the measured inorganic alkalinity; As with Fe
(r = 0.62), implying formation of an FeAsQ,° complex in some locations; Ca with alkalinity
(r = 0.44, significant at the 5 percent level {r = 0.41 when n-1 = 21}}, implying possible
calcium carbonate complexing/precipitation; As with PO, (r = 0.62) suggesting that these
two clements migrate at similar rates, consistent with the observations of this and other
investigations; and As with COD (r = 0.76), suggesting that As concentrations in the vicinity
of a source are primarily organically bound, resulting in an increased oxygen demand to

degrade the complex (Figure 41).

Geochemical Modeling

Chemical analyses from selected well locations representing an approximately north-south
transect across the Site through the East-Central Hide Pile (Figure 44) were used as input
to the computer model MINTEQAZ2, an updated version of MINTEQALI (Brown and Allisor,
1987), originally coded as MINTEQ by Felmy, et al, (1984). MINTEQA2 is an equilibrium
mass-balance geochemical model used to calculate the elemental aqueous speciation, and
the stability of solid phases with respect to the dissolved constituents. The model is useful

in evaluating different solubility controis on metal transport at the Site.

MINTEQA2 performs speciation calculations by simultaneously solving equations that
represent formation of ion pairs, complex ions, and solids, using an extensive data base of
internally consistent values that includes most complexes and solids for which thermodynamic
data are reported in the literature. The potential for mineral precipitation or dissolution
is assessed using the saturation index (SI) which is based on the relationship between analyte
activities (the ion activity product, IAP) and the thermodynamic calculation of the solubility

product (Ksp). The SI of a mineral is determined using the equation:
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[IAP]
[Ksl

If the SI is greater than zero, the solution is theoretically oversaturated with respect to the

SI = logw (Eq 14)

solid, and may precipitate, If the SI is less than zero, the solid is undersaturated with respect
to the solution, and, if present in the system, will dissolve. At SI = 0, the solid and solution

are in equilibrium, and neither dissolution nor precipitation reactions are predicted to occur.

Not all solids with an SI greater than zero can be realistically expected to precipitate from
every system. Some solids are known to occur only in high pressure and/or high temperature
environments and should not be considered in systems where near-surface conditions exist.
Solid phases that may control metal solubilities at the Site include calcite, gypsum, barite,
Ba,(AsO),, and hydroxides of Cr and Fe.

In the absence of Site specific CO,,, data, the partial pressure of CO,,, was fixed at
atmospheric levels. All dissolved Fe was entered as Fe(Il), likely to be the principal form
in the reduced ground waters. The pH and Eh were entered as measured in the field at
the Site.

Speciated charge imbalances ranged from +20 percent to -80 percent and calculated ionic
strengths between 0.005-0.1 m. The worst charge imbalances (i.e., greater than 15 percent)
were associated with the higher ionic strength solutions that are typically more difficult to

analyze due to matrix interferences.

The results of the simulations (Table 3-28) demonstrate that the potential metal solubility
controlling solids are all undersaturated with respect to ground water in upgradient well OW-
21, indicating that these solids are not precipitating from solution in this area of the aquifer.
However, as ground water mixes with hide pile leachates (represented by well OW-16),
Ba,(AsO,),, FeO - OH, calcite, siderite (FeCQ,), Cr{OH),, and Cr, ,sFe,;5(OH), all become
oversaturated with respect to ground water, and potentially may precipitate from solution
(Figures 44 and 45). All the minerals (with the exception of gypsum and barite {BaSO,) attain
maximum oversaturation in this well. As analytes precipitate from, and are diluted by,
downgradient ground water, the SIs decrease, until in the most downgradient well (OW-7),
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only FeO - OH remains oversaturated. Gypsum and barite are undersaturated in well OW-16,
probably because all the sulfur is in the form of sulfide rather than sulfate. Downgradient
from the hide pile (OW-12), oxidation of sulfide to sulfate allows potential precipitation of
gypsumn and barite.

3.52 Measurement of the Critical Parameters Controlling Arsenic, Chromium, Lead and
Mercury

The critical parameters which control the mobility of arsenic, chromium, lead, and mercury
in the ground water at the Site were measured during the ground-water investigation. These
parameters were identified in the GSIP Work Plan based upon an evaluation of the available
literature and existing RI/FS data base. These parameters included:

* grain size analysis;

s Eh;

* pH;

e TOC;

* Fe Oxide;

¢  Mn Oxide; and
¢ Total Carbonate.

Soil samples were collected during the installation of the GSIP observation wells. Split spoon
soil samples were collected S to 7 feet below land surface (unsaturated zone) and within the
screened zone. Field measurements of several of these parameters are provided in Table 3-2
and the analysis of As, Cr, Pb, Hg, TOC, Fe oxide, Mn oxide and total carbonate are provided
in Appendix C.

In addition, the field conditions that may control the mobility of these metals in ground water
were measured. Water levels were measured on several occasions to characterize the extremes
of annual surface-water and ground-water conditions (seasonal high levels and seasonal low
levels). These water level data were discussed in detail in Section 3.2 "Ground-Water
Investigation”. The influence of seasonal changes in ground-water levels and flow directions
on the extent of inorganic and organic compounds in ground-water was also discussed in

Section 3.2.
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The relationship of these parameters to the concentrations of As, Cr, Pb, and Hg in the ground
water was discussed in Section 3.5.1 "Evaluation of Literature and Database". An evaluation
of the influence of these parameters on current and future mobility is discussed in Section
3.5.4 "Evaluation of Current and Future Mobility".

3.5.3 Determination of the Chemical Species of Arsenic, Chromium, Lead, and Mercury
The chemical forms of As, Cr, Pb, and Hg in ground water, surface water, and stream
sediments were determined according to the procedures outlined in the GSIP Work Plan
by Radian and ERCO. The results of these analyses are provided in Appendix C.

Although the results of the validation of the speciation data indicate that the data is
quantitative or qualitative (Appendix D), according to USEPA Region 1 data validation
criteria, the validity of the speciation data is questionable because the holding times for the
arsenic (III) and arsenic (V) analyses were between 14 and 30 days resulting in the possible
adsorption of arsenic to precipitated Fe(OH), (Pierce and Moore, 1982; Robins, 1988). The
subsequent centrifuging of the samples may have resulted in the removal of Fe(OH), along
with sorbed/coprecipitated metals such as As and Cr.

Moreover, the Fe(OH), data are questionable because the holding times for this analysis
exceeded 80 days and the reaction of Fe(II) to Fe(III) occurs rapidly (within minutes). This,

coupled with the centrifuging of the samples, may have resulted in loss of analytical accuracy.

The critical ground-water data met all QA/QC criteria and have been used to meet the
objectives of the metals mobility study even though the metals speciation data is considered
questionable, The ground-water data was important in developing an understanding of the
geochemical parameters that control the mobility of As, Cr, Pb, and Hg in ground water.
This understanding was used, in turn, to formulate a paradigm (concept) to explain the
geochemical processes present within the Study Area. The development of this paradigm,

in turn, identified additional data needs required to test it. These data needs are discussed
in Section 5.2.1.
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3.5.4 Evaluation of Current and Future Mobility

The objective of this section is to combine the theory of metal transport described in previous
sections with Site data, in order to develop a hypothesis that describes the migration of As,
Cr, Pb, and Hg in each media at the Site. The paradigm developed for the Study Area will
be used as a basis from which to predict future contaminant migration patterns, and to evaluate
specific remedial alternatives.

In developing the paradigm, it was assumed, based upon the data developed during the PDI
and GSIP, that ground water traverses the Site at an average of approximately 1.62 ft/day,
that the East-Central Hide Pile intersects the ground-water table, that the depth to ground
water is shallow (e.g., about 10 feet below the surface), and that precipitation exceeds

evapotranspiration, resulting in a net recharge to the aquifer.

Under reducing conditions, infiltration of precipitation through the soils containing metals
at a hide pile leaches metals, the mobility of which is influenced through complexing with
organic conjugate bases released from the hide piles. The East-Central Hide Pile contributes
C}, Cr, PO,, SO, and dissolved organic carbon to the ground water. The reducing and anoxic
environment at the hide piles (Figures 46 and 47), reflected in the high chemical oxygen
demand (Figure 48), is due to the microbial degradation of organic material within the hides
that eventually give rise to a TOC ground-water plume (Figure 49). The reducing conditions
generated by the hide piles are conducive to the mobilization of As from contaminated soils
intersected by the plume emanating from the hide piles. It is important to note that As
mobility is only facilitated downgradient from the hide piles. In other areas of the Site where

conditions are more oxidizing, concentrations of As are less than 50 ug/L.

The ground-water conditions below the East, West, and East-Central Hide Pile are strongly
reducing, while conditions over the rest of the Site are relatively oxidizing. The reducing
zone is located in the ground-water plume extending downgradient from the piles, particularly
from the East-Central Hide Pile and is characterized by Eh < 0 mV and dissolved oxygen
< 1 mg/L. In contrast, oxidizing conditions exist across the remainder of the Site, with Eh
potentials above zero (Figure 46), dissolved oxygen above 1 mg/L (Figure 47), and the COD
below 25 mg/L (Figure 48). As ground water flows from reducing to oxidizing zones,

geochemical reactions occur which affect the mobility of dissolved metals.
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The presence of volatile reduced sulfur compounds directly beneath the hide piles is clearly
representative of anaerobic, reducing conditions. For example, in the East Hide Pile, H,S
and CH;HS gas were measured at up to 21,000 mg/L and 400 mg/L, respectively, with 250
mg/L H,S in the West Pile and an unmeasured sulfide odor in the East-Central and South
Hide Piles (Roux Associates, Inc.,, 1984). The high sulfide concentrations in the East Hide
Pile may be due to the water table mound limiting O, transfer.

Breakdown of the hides is likely to have resulted in generation of organic acids, based on
the extremely high alkalinities measured in Observation Well OW-16. Ground water
intersecting the East-Central Hide Pile has been affected by these conditions. The maximum
extent of the downgradient plume may be estimated by evaluation of Cl, emanating from
the hide piles, that acts as a conservative tracer (Figure 50) and appears to have migrated
as far downgradient as OW-2. In addition to the hide piles, another likely source of alkalinity
is the landfill to the northwest of the Site (Figure 51) because landfill leachates commonly
generate alkalinity in the form of organic acids (Baedecker and Back, 1979). The possible
presence of dissolved organic acids is important, because they form strong aqueous complexes
with metal cations, increasing metal solubility and mobility. In addition, dissolved organic
carbon may act as a source of nutrients for bacteria in the aquifer, necessary for the
biologically induced methylation of As compounds (Rai, et al, 1984).

Additional evidence for the presence of organic acids includes the correlation between
alkalinity and COD (r = 0.81) and the elevated TOC concentrations. For example, well OW-
16, located on the southeast edge of the East-Central Hide Pile, reflects a source of alkalinity
present in the hide pile (11,000 mg/L as CaCO;), TOC (2,770 mg/L), and COD (1,350 mg/L).

In general, arsenic pesticide residues are not colocated with the hide piles, based on the lack
of correlation between Cr and other metals (As, Pb and Hg) analyzed in Phase 2 soils
(Table 3-28). However, Pb and Zn arsenic pesticide residues are an important source of
these metals, based on the correlation between As and both Pb and Zn in the soils {r = 0.72,
n = 596, and r = 0.54, n = 819, respectively). These data are consistent with the paradigm
because As is only mobilized in areas downgradient of the hide piles so co-location of As

and Cr is not a criteria for As mobility.
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Infiltration of precipitation in the reducing conditions in the vicinity of the hide piles results
in the dissolution of arsenate and arsenite salts and percolation of As(V) and As(III) through
the vadose zone to the shallow water table where the reducing environment, coupled with
the presence of methyl groups from hide breakdown results in reduction of any As(V) to
As(III), and subsequent methylation to form mobile MMAA and DMAA (Figure 52).

Transport of As in the aquifer is also enhanced by the presence of PO, (Figure 53) that
competes for surface sites on Fe oxides (Hingston, et al., 1971) and soils (Livesey and Huang,
1981; Barrow, 1974b). As mobility is largely unaffected by the presence of SO, distributed
extensively in ground water at the Site (Figure 54) or by Cl (Figure 50) (Livesey and Huang,
1981; Leckie, et al., 1980).

Based upon the Cr ground-water speciation data, the anoxic conditions also result in reduction
of remnant Cr{VI) to Cr(III) which should coprecipitate with Fe to form the sparingly soluble
Cro.5Feq5{(OH), or, in the absence of Fe, as Cr(OH);. Once reduced, Cr(III) is unlikely to
be re-oxidized to Cr(VI), even in the presence of oxygen, due to kinetic limitations (Bartlett
and Kimble, 1976). The hydroxide also provides a source of surface sites for sorption of metal
cations, following the selectivity sequence Cr(III)> Pb> Cu> Zn> Cd> Mg (Kinniburgh,
et al., 1976; Leckie, et al, 1980). However, despite potential precipitation, Cr is migrating
in ground water (Figure 55) because the Cl:Cr ratio is 0.24 in both wells OW-16 and OW-12,
suggesting that there is negligible attenuation of Cr over this distance. The migration of Cr
is possibly due to organic complexation by organic conjugate base, possibly acetate, which,
due toits anionic form at the ambient ground-water pH (typically 6-7.5, Figure 56), will readily
complex metal cations. The general absence of Pb in ground water is probably due to selective
sorption in the vadose zone (Figure 57).

Upon recharging to surface water (e.g., the Hall’s Brook Holding Area) metals are filtered
from ground water by sorption to sediment, resulting in decreased concentrations in surface
waters. Because of biological activity, a large reservoir of organic carbon is likely to be
present, (e.g. TOC concentrations in the sediments were above 20 percent in samples SW-9

and SW-16) to which neutral organic complexes (DMAA, Cr-acetate, etc.) may sorb.
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Consequently, the reducing environment in this portion of the Study Area is likely to remove
metals from solution in a manner analogous to that demonstrated to effectively retain metals

from acid mine drainage (Wildeman and Laudon, 1989) and coal mine effluents (Girts and
Kleinmann, 1986).
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4.0 RISK ASSESSMENT

The purpose of this risk assessment was 10 determine the extent to which ground-water and
surface-water conditions, as delineated during the GSIP RI and the PDI, may affect human
health or the environment. Results of this assessment are presented in the sections which

follow.

4.1 Background

The Industri-Plex Superfund Site is located on a 244-acre parcel of land located in northeast
Woburn, Massachusetts. Since 1853, chemical companies have used the Site for the processing
of raw materials and manufacture of chemicals for use in the leather, textile, and paper
industries. Wastes and by-products from these activities, primarily metal salts and processed
animal hides, were deposited in selected locations near these industries. Activities associated

with an attempt to develop the land dispersed much of the waste material into wetland areas.

Although many investigations have been performed at the Site, only the more recent have
addressed impacts to public health or environmental receptors. A complete historical overview
of the Site is given in Section 1.2, as well as in the Phase 1 and 2 reports (Roux Associates,
1983; 1984).

4.1.1 Previous Investigations
RI/FS Phase 1 and 2 Reports

Although investigations designed to identify the nature and extent of the waste deposits were

initiated as far back as 1972, the bulk of the pertinent information on the Site was developed
in the Phase 1 and Phase 2 Remedial Investigation (Roux Associates, 1983;1984). _

During the Phase 1 study the Site was surveyed, observation wells were installed, test pits
were dug and soil borings were completed. Air, soil, ground water, surface water, sediment,
and waste piles were sampled. Samples of these media were analyzed for the presence of
priority pollutants. The report concludes that soils with metals of concern are primarily located
west of Commerce Way and north of the Hall's Brook Holding Area. Twenty-two acres
contained greater than 1000 mg/kg arsenic and lead; five acres contained less than 1000 mg/kg
chromium. Barium, copper, and zinc were found at lesser concentrations, but were more

widely distributed. Eight acres of the Site contained hide residues.
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Ground-water flow direction is generally from north to south, and analyses of well water
showed the presence of metals and VOCs. Surface-water analyses detected metals and VOCs,
Sediment samples were observed to contain arsenic, lead, copper, and zinc {VOCs were also
detected).

The Phase 2 study addressed data gaps identified during Phase 1 and extended the Study
Area. Data collected during Phase 2 allowed more accurate mapping of hide residues and
soil metals. Asin Phase 1, constituents of concern in soils were predominantly lead, arsenic,
zine, copper, and chromivm. Lead and arsenic were generally detected concomitantly, while
chromium was usually found to be associated with the hide residues. Other toxic constituents
(e.g. mercury, cadmium) were found infrequently and were localized in small areas. Extraction
Procedure toxicity tests showed that soil metals had little propensity for dissolution into water.

In the Phase 2 portion of the RI/FS, an "endangerment assessmeni" (health risk assessment),
was performed. This baseline assessment addressed potential exposure of humans to
constituents of concern (COC) in ground water, air, and soil. Results of this assessment
suggested that metals in ground water were fairly immobile and would not be of concern,
but that exposure as a result of soil ingestion would pose an increased risk to humans.
Modeling of gases emitted from hide pile residues showed that the odor threshold for hydrogen
sulfide may be exceeded during "worst-case” emission rates.

Wetland Evaluations

A thorough investigation of the floodplain and wetlands associated with the Aberjona River
was performed in July of 1986 (Wetlands Management Specialists, Inc., 1986). The

investigation identified both on-site and off-site water bodies, catalogued flora and fauna,
delineated upland/wetland boundaries, and described individual habitats present within each
wetland. In addition to the previous observations, each wetland was evaluated for wildlife

production and diversity, and water quality protection and renovation.

The investigation concluded that the Lower South Pond, the Hall’s Brook Holding Area, the
unnamed pond near the Site Trailers, and an isolated wetland west of Commerce Way received
good scores with regard to structural diversity, size, vegetative interspersion, and proximity

to open water. Remaining wetlands received fair to poor scores.
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The following areas all received high scores with regard to vegetational structure, water regime,
size, and the ability to intercept polluted waters:

¢ the Hall’'s Brook Holding Area;

* the wetland directly north of, and adjacent to, the Woburn Mall Parking Lot;

¢ an isolated wetland east of Commerce Way; and

* the Atlantic Avenue drainway (feeding into the Hall’s Brook Holding Area).

A more in-depth "functional analysis” of the Lower South Pond was performed as part of
the PDI requirements (NAI, 1990). This study employed a semiquantitative model based
on data derived from over 1000 regional wetland systems. It evaluated the functional
parameters of the Lower South Pond that give rise to public benefit (e.g. flood control,
hydrologic support, wildlife contribution). In addition, the report catalogued various plant

and animal species observed in the area.

The final analysis modified the results of the model, based on observation and professional
judgement. It concluded that the Lower South Pond ranked high for hydrologic support,
moderate for wildlife, floodwater storage, shoreline protection, and water-quality maintenance,

and low for ground-water recharge, recreation, aesthetic value, and education.

4.2 Data Evaluation

The first step in a human health risk assessment or ecological evaluation is the tabulation
and statistical evaluation of the chemical and physical data gathered during field investigations.
Because this initial data evaluation step is similar for both types of "risk assessments” (USEPA,
1989a, c, ¢}, they are combined in the present report.

4.2.1 Database

Data used for this portion of the GSIP RI was received from Roux Associates, Inc. of
Huntington, NY. It was developed from laboratory analyses (Enseco-ERCO, Cambridge,
MA) of ground-water, sediment, and surface-water samples. These samples were taken during
the spring and summer of 1990 to fulfill, in part, the requirements of the GSIP RI. For
completeness, data analyzed to fulfill requirements for the PDI Work Plan were also utilized
in this data base. A map illustrating the Site boundaries and the location of each sampling

station is provided in Volume 2 of this document (Plate 1).
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Ground-water and surface-water samples were analyzed for the presence of metals, pesticides
and PCB’s, VOCs and SVOCs (both total and dissolved water samples were analyzed for
metals. For this assessment, all values were included in the data base with the exception
of those qualified as unusable data. Data validation procedures were performed in accordance
with USEPA Region I data validation guidelines, and as documented by the GSIP RI Work
Plan. Data validation documentation is presented in Appendix D.

Statistical evaluations were also performed for each class of constituents and the results were
tabulated (Table 4.1 through 4.14 and Appendix G). Based on the observation that the
frequency distributions of the majority of constituents showed significant departures from
normality (Lillifor’s Test), a geometric mean was chosen as the best estimate of central
tendency.

The data described below were used for selection of indicator compounds and subsequent
buman health and environmental risk analysis. Only data from sampling rounds conducted
as part of the approved GSIP RI and PDI Work Plan were utilized. While earlier data on
different media at the Site exist (Roux Associates, 1983;1984), they do not reflect current
conditions at the Site, and did not undergo any type of quality control procedure or validation
process. The data presented here are believed to be sufficient for selection of indicator
compounds, and to address current and future risk at the Site. The approved GSIP RI Work
Plan was designed to sample background (upstream or upgradient) locations, as well as areas
suspected of being influenced by suspected sources of constituents of concern. This design
was based on previous studies, aerial photos, and historical data on Site use, rather than relying
on a random sampling scheme. Thus, use of these data for hazard identification and

subsequent health risk assessment should adequately cover potential impacts of the Site.

422 Surface Water

One goal of the risk assessment is to assist in the remedial decision making process. However,
this risk assessment is unique in that a ROD is already in place, which, in turn, obviates the
need for constructing exposure scenarios and calculating risk estimates for several locations.
The following surface-water stations are located within areas that have already been targeted

for remedial actions;
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SW-1
SW-2
SW-7
SW-15
SW-16
SW-17

Although data developed for these locations are included in the calculation of descriptive
statistics, they will not be considered as locations of concern with regard to the exposure or
risk estimation.

Metals

Because metals are ubiquitous, it is necessary to sample areas that would not be considered
to be influenced by constituents present at the Site. Concentrations of metals in these
"background” or "reference” areas (usually upstream or upgradient from the Site} can then
be compared to samples taken from the suspected impact area. This approach was taken
for the evaluation of metal concentrations in surface waters at the Site, with stations SW-1,
SW-4, and SW-8 designated as the upstream "reference" samples. The remaining stations
were located on, or downstream, of the Site, and were designated as "Site". A total of fifteen
surface-water samples were analyzed. Two stations, SW-3 and SW-16 were dry at the time
of sampling.

Descriptive statistics for total metals measured in surface water are presented in Table 4.1.
Beryllium, cadmium, mercury, nickel, selenium, thallium, vanadium, and tin were not detected
in any sample. Aluminum, copper and silver were detected in less than 50 percent of the
samples. Antimony, cobalt, and silver were detected near their respective detection limits
in less than 15 percent of the samples. Total metals in surface water, relative to the mean
reference concentrations, were ranked as follows, arsenic > manganese > potassium >
chromium > iron. Maximum values for total metals were recorded in surface waters draining
Site areas west of the railroad tracks (SW-6, SW-7, SW-9, SW-10, and SW-15) while the

maximum value for arsenic was recorded in the stream draining the Lower South Pond.
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Descriptive statistics for dissolved metals measured in surface water are presented in
Table 4.2. Beryilium, cadmium, chromium, cobalt, lead, mercury, nickel, selenium, silver,
thallium, vanadium, and tin were not detected in any sample. Antimony, copper, and silver
were detected near their respective detection limits in less than 25 percent of the samples.
Dissolved metals in surface water, relative to the mean reference concentrations, were ranked
as follows, zinc > manganese > arsenic > aluminum > barium. The maximum dissolved
metal concentrations were also recorded in surface waters draining the western portion of
the Site (SW-6, SW-7, SW-9, and SW-15) while the maximum concentration for arsenic was
recorded in the stream which drains the Lower South Pond.

Volatile Organic Compounds

VOCs were detected infrequently in surface water (Table 4.3). Acetone, chlorobenzene,
1,1-dichloroethane, toluene, 1,1,1-trichloroethane, and xylenes were detected (near detection
limit) in less than 15 percent of the samples taken. Methylene chloride was detected most
frequently (8 of 15 samples). 1,2-Dichloroethene and trichloroethene both had maximum
values of 11 ug/L. The maximum concentrations of VOCs were recorded in the Hall’s Brook
Hoiding Area and locations west of the railroad tracks (SW-6, SW-7, SW-9, SW-11, SW-13).

Semi-Volatile Organic Compounds

SVOCs were also detected infrequently and at concentrations near the limit of detection
(Table 4.4). Butylbenzylphthalate, di-n-butylphthalate, and N-nitrosodiphenylamine were
detected in less than 7 percent of the samples, all at concentrations below the instrument
detection limit. Bis(2-ethylhexyl)phthalate was detected in one-third of the samples, with
the maximum concentration (12 pg/L) measured in the Hall's Brook Holding Area.

Pesticides and PCB_Compounds

Organic pesticide and PCB compounds were not detected in surface-water samples, but these
data were subsequently validated as "unmsable”. However, data developed during the PDI
also indicated that these compounds were not present in the media tested. Based on the
history of past activities at the Site and available information, this class of chemicals was not
further evaluated.
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Selected Physical and Chemical Parameters

Although not typically included in the risk assessment process, selected chemical and physical
parameters measured in surface water have been tabulated (Table 4.5) to assist in the
evaluation of water quality. Outflow from areas west of the railroad tracks (SW-6, SW-7,
and SW-10) had the maximum levels of alkalinity, chloride, hardness, total organic carbon,
phosphate, and sulfate. The water sample taken at SW-2 recorded the maximum value for

chemical oxygen demand.

4.2.3 Sediment
One goal of the risk assessment is to assist in the remedial decision making process. However,
this risk assessment is unique in that a ROD is already in place, which, in turn, obviates the
need for constructing exposure scenarios and calculating risk estimates for several locations.
The following surface-water stations are located within areas that have already been targeted
for remedial action:

SW-1

SW-2

SW-7

SW-15

SW-16

SW-17

Although data developed for these locations are included in the calculation of descriptive
statistics, they will not be considered as locations of concern with regard to exposure or risk

estimation.

Metals

Because of the role that arsenic, lead, and chromium have played at the Site, it was decided
to include the PDI results of sediment analyses for these compounds, in the database used
for the risk assessment. Exposure to constituents of concern in sediment below a depth of
6 inches, in view of the current exposure scenarios developed for the health risk assessment,

would not be anticipated. Therefore, metal concentrations at each PDI sampling station were
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calculated by taking the average of three samples (taken in a transect running perpendicular
to the streamflow) and only using analyses from the top 6 inches of sediment. The complete
data base used for generating descriptive statistics seen in Table 4.6 is presented in
Appendix G.

Because metals are ubiquitous, it was necessary to sample areas that would not be considered
to be influenced by constituents present at the Site. Concentrations of metals in these
"background” or "reference” areas (usually upstream or upgradient from the Site) can then
be compared to samples taken from the suspected impact area. This approach was taken
for evaluation of metal concentrations in sediment at the Site. Reference sample locations
included areas that are upstream of the Site or areas considered "clean" based on past
investigations performed at the Site. For the GSIP RI data base, this inciudes SW-1, SW-3,
SW-4, and SW-8, and for the PDI database includes SW-1/040, SW-1/042, SW-1/047, SW-
1/049, SW-1/052, SW-1/055, SW-1/057, and SW-1/059. All stations exclusive of the

reference areas are designated as "Site" in this risk assessment.

The size of the data base for metals was sufficient to construct frequency distributions to allow
the reader to gain more insight on the number of "hits" falling within a particular concentration
range. These tables are presented in Appendix G.

Table 4.6 presents descriptive statistics for metals in sediment. Matrix elements commonly
found in the earth’s crust (aluminum, calcium, iron, magnesium, manganese, sodium, and
potassiumy), as well as several trace elements (arsenic, barium, chromium, cobalt, copper, lead,
tin, vanadium, and zinc) were detected in greater than 90 percent of the samples. Antimony,
beryllium, cadmium, mercury, nickel, selenium, silver, and thallium were detected less
frequently.

To gain perspective on the concentration of each metal relative to background concentration,
a ratio was calculated by dividing the mean concentration of the Site areas by the mean
concentration of the reference areas. These ratios were then sorted according to rank (Table
4.6). Relative to mean reference area concentrations, the metals ranked as follows, arsenic
> lead > zinc > chromium > copper > barium. The previous RI/FS reports (Roux

Associates, 1983;1984) concluded that these elements were the predominant metals in soil
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samples taken from the Site. Indeed, upon close inspection of the data base, it can be seen
that locations of sediment metal concentrations generally correlate with locations of soil

concentrations (e.g. New Boston Street Drainway, Lower South Pond, and Hall's Brook
Holding Area).

As observed in Table 4.6, 15 of the 24 metals analyzed had maximum concentrations in
sediment samples dredged from the Hall's Brook Holding Area (SW-9 and SW-11). This
is partially due to the fact that the Hall’s Brook Holding Area receives runoff from areas
that exceed C.D. action levels for metals and have already been targeted for remediation
(Roux Associates, 1983;1984). However, this does not explain increased concentrations of
other elements (e.g. aluminum, cadmium, beryllium, calcium, magnesium, nickel, potassium,
sodium) that have not been identified in past studies as a Site-related concern. This is because,
unlike other locations, the Hall’s Brook Holding Area sediments contain a much greater
percentage of silts/clays {(grain size analysis, Table 3-19). Silts and clays have a much higher
surface /volume ratio and thus a greater cation exchange capacity, which will tend to bind
and concentrate metals (Horowitz, 1991). Closer inspection of the data reveals that, for the
Hall’s Brook Holding Area, Site-related metals (e.g. copper, zinc) tend to increase
proportionally with other metals not shown to be associated with the Site (e.g. beryllium,
aluminumy), which lends further support to this observation.

Some metals were seen to be positively correlated with others in sediment. Table GI-E
(Appendix G) presents a correlation matrix (Pearson’s) containing sediment metal
concentration data for aluminum, arsenic, barium, cadmium, calcium, chromium, cobalt,
copper, iron, lead, magnesium, manganese, mercury, potassium, sodium, vanadium, tin, and
zinc (the reader must use care in the interpretation of correlations for cadmium and mercury,
as these elements had missing values). Prior to the statistical analysis each metal concentration
was adjusted for grain size by multiplying by a "dilution" factor (100 percent less than 125

pm). Arsenic was found to be positively correlated (p = 0.001) with chromium, copper, lead,
and zinc. Other metals, such as iron, calcium, cobalt, and vanadium, also had statistically

significant correlations with many of the metals tested.
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Volatile Organic Compounds
Thirteen different VOCs were detected in sediment, with roughly haif of these matching

compounds detected in the surface-water suite of analyses (Table 4.7). 1,2-Dichloroethane,
1,2-dichloroethene, 2-hexanone, and 4-methyl-2-pentanone were detected infrequently or at
concentrations near the limit of detection. Methylene chloride was detected most frequently,
while benzene was detected at a maximum concentration of 2,100 ug/kg at SW-11. Again,
samples with the maximum concentrations of each constituent were primarily located on the
western portion of the Site (SW-6, SW-7, SW-15) and the Hall’s Brook Holding Area (SW-9,
SW-11, and SW-13).

Semi-Volatile Organic Compounds
Table 4.8 presents descriptive statistics for SVOCs in sediment. Twenty-two compounds were

identified, but more than half of these constituents were polynuclear aromatic hydrocarbons
(PAH’s). Benzoic acid, butylbenzylphthalate, 3,3’-dichlorobenzidine, 2,4-dinitrotoluene,
N-nitrodisodi-phenylamine, acenaphthylene, and flnorene were found in less than 6 percent
of the samples. Bis(2-ethylhexyl)phthalate had a maximum concentration of 90,000 ug/ke
at SW-7. Maximum concentrations of PAH compounds were seen at SW-12, SW-15, and
SW-16. Geometric mean concentrations for this class of compounds ranged from 2 to 185
pg/kg, which falls within the concentration range reported for PAH’s in soils in industrially
zoned areas (Norton, 1990).

Pesticides and PCB Compounds

Organic pesticide and PCB compounds were not detected in sediment samples, but these
data were subsequently validated as "unusabie", However, data developed during the PDI
investigation, also suggested that these compounds were not present in the media tested.
Based on the history of past activities at the Site and the available information, this class
of chemicals was not further evaluated.

Selected Physical and Chemical Parameters

Table 4.9 presents summary statistics for selected physical and chemical parameters in
sediment. SW-16 had the greatest percentage of total organic carbon, which may explain
why this location had, relative to other stations, higher levels of PAHs (PAH’s have a very
high affinity for organic material). SW-9 had the maximum concentration of trivalent and
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hexavalent chromium recorded, with the latter (which is considered to be more toxic than
the former) comprising less than 1 percent of the total chromium. SW-6 had the maximum
pH value (7.9), while the minimum was observed at SW-3 (5.8).

4.2.4 Ground Water

Ground-water data from three separate sampling rounds {March, June, and October 1990}
were utilized in this risk assessment. A total of 42 wells were sampled to yield (with the
exception of PCB/pesticides and SVOCs 65 separate ground-water quality analyses. Two
separate sampling rounds were conducted for the determination of arsenic, barium, and zinc.
For this assessment, only the most recent arsenic, barium, and zinc data (August 1990) were

used as they were regarded as most representative.

Metals

Because metals are ubiquitous, it is necessary to sample areas that would not be considered
to be influenced by constituents present at the Site. Concentrations of metals in these
"background" or "reference” areas (usually upstream or upgradient from the Site) can then
be compared to samples taken from the suspected impact area. Observation wells OW-1,
OW-1A, OW-21, and OW-4 were designated as the upgradient reference areas at the Site.
Other locations sampled during the GSIP RI were considered as areas that may be potentially
impacted by the Site.

Table 4.10 presents descriptive statistics for total metals in ground-water samples. Beryllium,
cadmium, mercury, silver, and thallium were detected infrequently, while tin was not detected
in any sample. Matrix elements (aluminum, calcium, iron, magnesium, manganese, sodium,
potassium) were detected in greater than 90 percent of the samples taken.

To evaluate the concentration of each metal recorded in ground-water samples relative to
background concentration, a ratio was calculated by dividing the mean concentration of the
Site areas by the mean concentration of the reference areas. These ratios were then sorted
according to rank. The following elements were ranked (for purposes of the hazard
identification) relative to the mean background concentrations, arsenic > > zinc > barium >
lead > vanadium > iron > chromium (Note: vanadium, a rare element, had a biased rank
due to an outlying value of 370 ug/L at OW-28; it was not detected (IDL = 6 ug/L) at this
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well for the dissolved suite of analyses). Of the 23 metals analyzed, 5 had maxima at OW-28,
however there is a strong indication that this is due to suspended sediment since dissoived
samples from these wells did not yield maximal values (Table 4.11). OW-16, OW-31 and
OW-32 are located within buried hide wastes and samples from these wells showed
concentrations of chromium. Arsenic, barium, and vanadium were also present. Maximum
concentrations of copper (1350 pg/L), lead (299 ug/L), and zinc (9970 pg/L) were seen at
OW-10, OW-14, and OW-10, respectively.

Table 4.11 presents descriptive statistics for dissolved metals in ground-water samples.
Cadmium, cobalt, lead, selenium, silver, thallium, and tin, had a low frequency of detection
(11 of 65 samples). Beryllium and mercury, were not detected above the instrument limit
of detection. Matrix elements (calcium, barium, magnesium, manganese, sodium) were
detected in greater then 90 percent of the samples taken.

To evaluate the concentration of each metal relative to upgradient wells, a ratio was calcnlated
by dividing the mean concentration of the Site areas by the mean concentration of the
reference areas. These ratios were then sorted according to rank. The following elements
were ranked (for purposes of the hazard identification) relative to the mean background
concentrations, iron > > arsenic > chromium > zinc > barium. Although there is a change
in rank between the total and dissolved metal suite, arsenic, barium, chromium, iron, and

zinc still rank within the top seven compounds.

Dissolved metal concentrations, in general, followed the same general trend as seen for total
metals. OW-16, OW-31 and OW-32 (located within buried hide wastes) still had, relative
to upgradient wells, higher levels of arsenic, barium, chromium, and vanadium, while higher
concentrations of copper and zinc were observed on OW-18 and OW-10. Although OW-14
had the maximum value for lead, it appears that the particulate (>0.45 micron) phase is
primarily responsible for the observed values. Manganese and iron, typically found in ground
water, had maxima at OW-32 and OW-42, respectively.

Volatile Organic Compounds
Sixteen different VOCs were detected in ground-water samples {Table 4.12). Seven of these

(chloromethane, 1,2-dichloroethane, 1,1-dichloroethene, trans-1,2-dichloroethene,
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chlorobenzene, chloroethane, methylene chloride) were found in less than 5 percent of the
samples. The maximum for benzene was found at OW-31 (located in the West Hide Pile),
while toluene was detected most frequently (19 of 66 samples), with a maximum of 32,0600

ug/L at OW-16 (within the East Central Hide Pile). Maximum values for ethylbenzene and
xylenes (6 and 35 ug/L, respectively) were seen at OW-9. Maximum values for

1,1-dichloroethene, trichloroethene, and 1,1,1-trichloroethane were found at OW-26B.

Semi-Volatile Organic Compounds

Six SVOCs were detected in ground water (Table 4.13). Benzoic acid and 4-methylphenol
(m-cresol) had maximum concentrations of 2000 and 3400 ug/L, respectively, but as with
acenaphthene and 2-methylphenol (o-cresol), were detected infrequently (2 of 38 samples).
Four out of the six compounds had maximum concentrations detected at OW-16.
Acenaphthene and 2-methylphenol were both detected near their limits of detection (3 to
5 ug/L)

Pesticides and PCB Compounds
Organic pesticide and PCB compounds not detected in ground-water samples, but results

from these data were subsequently validated as "unusable". Data developed during the PDI
however, also suggested that these compounds were not present in the various media tested.
Based on the history of past activities at the Site and the available information, this class

of chemicals was not further evaluated.

Selected Physical and Chemical Parameters
Although not typically included in the risk assessment process, selected chemical and physical

parameters measured in ground water have been tabulated (Table 4.14) to assist in the
evaluation of water quality. Measurements of pH were, for the most part, circumneutral.
The most acidic reading was at OW-10 (5.34), while the most basic ground water was found
at OW-16. OW-16 is located within buried hide deposits and had the maximum measured
values for conductivity, bicarbonate, sulfide, total organic carbon, and phosphorus. To assist
with the metals mobility portion of the GSIP RI (Sections 2.4 and 3.5), a correlation matrix
of these parameters (dissolved samples only) was generated (Table 4-5). It can be seen that
there are some statistically significant positive linear relationships for many of the constituents

present in the ground water. This table shows, as expected, that:
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¢ conductivity appears to be a good predictor of total dissolved solids in ground water;

* arsenic, magnesium, potassium, bicarbonate, phosphate, and total organic carbon
are generally found together and in the same relative proportions;

* there was an inverse relationship between Eh and pH; and

* in addition to calcium and magnesium, sulfate contributed to measured hardness.

4.3 Human Health Risk Assessment

This health risk assessment was conducted to determine the potential for constituents of
concern present within the Study Area to adversely affect human health, given several
theoretical exposure scenarios. It consists of four principal components namely hazard
identification, toxicity assessment, exposure assessment, and risk characterization. The reader
is referred to the risk assessment guidance (USEPA, 1989a,c) for a more in-depth discussion
of each component, and to the GSIP RI Work Plan where the methodology may differ from
the latter.

4.3.1 Hazard Identification

It is sometimes necessary to limit the number of chemicals used in the quantitative risk analysis
to reduce the compiexity of the analyses and to focus on compounds that are likely to present
an increased potential for risk at the Site. This process is referred to as hazard identification
and is documented below for the Industri-Plex Site.

4.3.1.1 Methodology

Methods for development of hazard identification (HI) were taken from USEPA guidance
for the evaluation of human health risk (USEPA, 1989a/c). This guidance suggests that certain
criteria be used to determine whether a particular constituent be included or omitted from
the risk assessment. These criteria include: toxicity of the compound, frequency of detection,
background concentration, environmental persistence, mobility, fate and transport processes,
and the quality of the database. Although this assessment primarily relied on comparisons
of Site concentrations to reference (or background) levels, a toxicity screening method was
also employed. This is conservative method which calculates the ratio of the maximum
concentration of each constituent of concern to its respective toxicity value and ranks results
in descending order. State and Federal standards and criteria relevant to each media were
also used to screen analytical findings with respect to potential health impact.
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In addition to these selection parameters, it is important to recognize that the health impact
of a chemical is directly related to the potential for a receptor to be exposed. Thus, the

location of each constituent weighed heavily in the HI process.

Finally, the professional opinion of an experienced toxicologist was used to identify
inconsistencies in the data base, evaluate and compare available criteria, and to make the

final choice of "indicator chemicals" to be used in this risk assessment.

Table 4.15, 4.16, and 4.17 identify the different classes of compounds (metals, VOCs and
SVOCs, respectively) and the different media in which these compounds were detected to
assist in the selection process. Criteria by which each compound was eliminated from the
HI are listed for each constituent and each medium. These criteria include the frequency
of detection, the concentration (generally judged relative to background or proximity to the
detection limits}, toxicity, location, and the availability of quantitative information for

evaluation of risk.

It is known that natural background of metals in surface waters and sediments, with respect
to the mean value, can generally vary by two to five fold (Shacklette and Boerngen, 1984;
Baudo et al., 1990). Consequently, with regard to evaluating the ranking of elements based
on the Site area/reference area mean ratios, an arbitrary cutoff value of 2 was chosen as

a plausible threshold criteria.

43.1.2 Surface Water

Metals

Of the metals detected in surface water, only antimony, arsenic, barium, chromium, cobalt,
and lead have the potential to cause adverse effects in humans at environmentally relevant
concentrations. Aluminum, calcium, copper, iron, magnesium, manganese, potassium, sodium,
and zinc are all normal components of the human diet and would be considered to be virtually
non-toxic at the levels seen in surface water at the Site. Therefore, these metals were

eliminated from consideration in this risk assessment {(USEPA, 1989c, Section 5.9.4).

Table 4.15 lists criteria used to assist in the selection process for metals in surface water.
Antimony and cobalt were eliminated based on the fact that they both had a low frequency
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of detection and received a low ranking relative to reference concentrations. Barium was
eliminated based on its low solubility and toxicity. Beryllium, cadmium, mercury, nickel,
selenium, thallium, tin, and vanadium were not detected in either the dissolved or total sample
analyses.

The remaining metals can be considered indicator compounds for inclusion in the human
health portion of the risk assessment:

*  Arsenic

¢  Chromium

o Lead

Volatile Organic Compounds
Table 4.16 lists criteria used to assist in the selection process for VOCs in surface water.

Generally, VOCs were found near the limit of detection in surface water. Of the constituents
listed in Table 4.3, acetone, chlorobenzene, 1,1-dichloroethane, toluene, and xylene were
eliminated from consideration based on their low frequency of detection (2 of 15 samples)
and concentration (all five were below the CRQL and at or very close to the IDL.

The compounds chosen for consideration in the evaluation of health risk as a result of
exposure to surface water are:

e 1,2-Dichloroethene

¢ Methylene Chloride

* 1,1,1-Trichloroethane

¢ Trichloroethene

Semi-Volatile Organic Compounds

Table 4.16 lists criteria used to assist in the selection process for SVOCs in surface water.
Butylbenzylphthalate, di-n-butylphthalate, and N-nitrosodiphenylamine were omitted due to
the low frequency of detection {1 of 15 sampies) and concentration (all were detected below
5 ug/L). Although diethyiphthalate was detected more frequently (3 of 15 samples), the
maximum value falls below the IDL. The compound chosen as the constituent of concern
for the evaluation of SVOCs to human health in surface water is bis{2-ethylhexyl)phthalate,
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4.3.1.3 Sediment

Metals

Table 4.15 lists criteria used to assist in the selection process for metals in sediment. Of the
metals detected in sediment, antimony, arsenic, bariun, beryllium, cadmium, chromium, lead,
mercury, nickel, selenium, and thallium have the greatest potential to cause adverse effects
following human exposure. Toxic responses as a result of the ingestion of aluminum, calcium,
cobalt, copper, iron, magnesinm, manganese, potassium, silver, sodium, tin, vanadium, and
zinc are rarely seen and then only in very unusual circumstances (USEPA). Therefore, these
metals can be eliminated from consideration (USEPA, 1989c, Section 5.9.4) in this risk

assessment.

Antimony, beryllium, nickel, selenium, thallium, and vanadium were not considered in this
risk assessment because the mean values were very close to the IDL, and the mean
Site/reference area ratios were less than 2.0. Barium ranked fairly low in toxicity and is
generally present in an insoluble, (e.g. BaSO, } non-toxic form in natural waters. Although
outliers did exist for these compounds (Table G-1B2 - Appendix G}, these concentrations

were recorded in areas already identified for remedial action.

The remaining constituents will be considered as indicator chemicals for the evaluation of
the sediment exposure pathway to humans:

s Arsenic

e (Cadmium

¢  Chromium

* Lead

» Mercury

Volatile Organic Compounds

Table 4.16 lists criteria used to assist in the selection process for VOCs in sediment,
Chlorobenzene, 1,2-dichloroethane, 1,2-dichloroethene, 2-hexanone, and 4-methyl-2-pentanone
had low frequencies of detection (1 of 19 samples tested). 1,2-Dichloroethene, 2-hexanone,

4-methyl-2-pentanone, and trichloroethene concentrations were close to the detection limit.
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Although some sediment samples contained chlorobenzene, tetrachloroethene, toluene, and
trichloroethene, the locations of these positive samples (e.g. New Boston Street drainage)
are not considered as areas with potential for recreational bathing. Given the above criteria,
the aforementioned compounds will not be included as constituents of concern for the health
risk assessment.

Human exposure to VOCs via a sediment exposure pathway (recreational bathing) will be
calculated for the remaining detected VOCs. The constituents of concern are:

s Acetone

¢ Benzene

* 2-Butanone

* Ethylbenzene

*  Methylene Chloride

Semi-Volatile Organic Compounds

Table 4.17 lists criteria used to assist in the selection process for SVOCs in sediment, Benzoic
acid,. butylbenzylphthalate, dibenzofuran, 3,3’-dichlorobenzidine, 2,4-dinitrotoluene, and
N-nitrosodiphenylamine were detected infrequently (2 of 19 samples) and at locations that
would not be considered conducive for recreational bathing. Thus, these compounds will

not be selected as constituents of concern.

Fifteen PAH compounds were detected. Acenaphthylene and fluorene were detected in one
sample (SW-15), which was in a stream that is fairly inaccessible. Acenaphthene, anthracene,
benzo(g,h,i)perylene, and phenanthrene were eliminated from the risk assessment based on
the lack of available toxicity information. The remainder of the PAH compounds were
included in the evaluation of health risk.

The following compounds are to be considered constituents of concern for SVOCs in sediment:
*  bis(2-Ethylhexyl)phthalate
* Diethylphthalate
e Benzo(a)anthracene
¢ Benzo(a)pyrene
¢ Benzo(b)fluoranthene
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¢ Benzo(k)fluoranthene

*  Chrysene

¢ Dibenzo(ah)anthracene
* TFluoranthene

¢ Indeno(1,2,3-cd)pyrene
s Pyrene

4.3.1.4 Ground Water

Metals

Of the metals detected in ground water, antimony, arsenic, barium, beryllium, cadmium,
chromium, lead, mercury, nickel, selenium, thallium, and zinc have the greatest potential to
cause adverse effects following human exposure. Toxic responses as a result of the ingestion
of aluminum, calcium, cobalt, copper, iron, magnesium, manganese, potassium, silver, sodium,
tin, and vanadium are rarely seen and then only in very unusual circumstances. Therefore,
these metals can be eliminated from consideration (USEPA, 1989¢, Section 5.9.4) in this risk

assessmernt.

Table 4.15 lists criteria used to assist in the selection process for metals in ground water.
Beryllium, cobalt, mercury, silver, and thallium had mean Site/reference ratios that approached
unity (thallium was detected twice, while beryllium and mercury were not detected in the
dissolved analyses). Selenium had a fairly low frequency of detection and the mean
Site/reference concentration was below 2.0. Vanadiumwas detected frequently, but the mean
was strongly biased as a result of a single outlier (OW-28). Given the data and the evaluation
of the descriptive statistics, the aforementioned elements were excluded from the risk

assessment.

In addition to the hazard ranking analysis presented above, a toxicity screening method
outlined in the risk assessment guidance {(USEPA, 1989c), was used at the request of the
USEPA. This method is conservative in that it ranks each chemical using the maximum

detected concentration. Resuits of this procedure are presented in Appendix G.
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Based upon these evaluations, the following metals will be designated as indicator compounds

in ground water:

Arsenic
Antimony
Barium
Cadmium
Chromium
Lead
Mercury
Nickel

Zinc

Volatile Organic Compounds

Table 4.16 lists criteria used to assist in the selection process for VOCs in ground water.

Acetone and ethylbenzene were eliminated based on low concentration and frequency of

detection. Chlorobenzene and chloromethane were detected only in ground water from OW-1,

considered upgradient from the Site.

The following VOCs were identified as constituents of concern in ground water:

Benzene

Chloroform
1,1-Dichloroethane
1,1-Dichloroethene
1,2-Dichloroethane
Methylene Chloride
Toluene
1,1,1-Trichloroethane
Trichloroethene
Xylenes (total)

Semi-Volatile Organic Compounds
Table 4.17 lists criteria used to assist in the selection process for SVOCs in ground water.

Acenaphthene and 2-methylphenol were eliminated based on low frequency of detection and
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concentration and were not considered in this risk assessment. Bis(2-ethylhexyl)phthalate
was generally found near the detection limit and was eliminated for that reason. Finally, the
majority of SVOCs were identified in samples taken from on-site wells (OW-16, OW-31) that
were developed within buried hide waste. These areas are upgradient of the pump-and-treat
remedy currently at the 60 percent design stage.

Consequently, SVOCs considered for inclusion in the risk assessment will be:
¢ Benzoic Acid
* 4-Methylphenol (p-cresol)
¢ Phenol

4.3.2 Toxicity Assessment

Methods used to determine toxicity values for the constituents of concern employed in this

risk assessment are described below.

4.3.2.1 Introduction

Toxicity is a measure of a chemical’s capacity to damage an organism. The fundamental
principle of toxicology is that adverse effects of chemicals are dose-related. As the dose (the
exposure magnitude) of a chemical increases, the probability that an individual will suffer
toxic effects (risk) increases. Each chemical has its own specific "dose-response curve” that

describes this relationship.

There are two features of the dose-response curve that may be used in this risk assessment.
If one knows the slope of the dose-response curve, it is possible to quantify risk for any given
dose and if one knows the x-intercept of the curve (i.e., the point at which toxic risk is zero)
one may characterize a given dose as being above or below an apparent "threshold" for the
toxic action. The latter is not a risk calculation, rather it is a discrete, yes-no assessment of
whether a toxic event will occur. Typically, risk calculations using dose-response slopes are
conducted for chemicals that may cause cancer in humans. For chemicals having other toxic

actions, a comparison of estimated exposures to doses presumed to be safe is used.

Quantitative toxicity data for health risk assessment are derived from observations of toxic

effects in humans accidentally exposed to chemicals, or from observations of deliberately-dosed
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experimental animals. Toxicology experiments are costly and time-consuming and experimental
toxicity data are rarely generated specifically for a single environmental assessment. As a
matter of practicality, toxicity information is kept in a variety of data bases for use in health
risk assessment. While the methods for determining toxicity values for the chemicals of
concern are Jdescribed here, the data were, in fact, obtained primarily from the Health Effects
Assessment Summary Tables for the 1st quarter of 1991 {(USEPA, 1991).

4.3.2.2 Risk Assessment of Carcinogens

Some theoties for the mechanism by which certain chemicals cause cancer (particularly those
where a direct action on genetic material is hypothesized) suggest that there would be no
dose of these chemicals that was without some risk of producing cancer. The prudent
assumption used for most risk assessments is that this no-threshold condition exists for all
carcinogens. Under this assumption, the only toxicity value that can be obtained is the
dose-response slope. The slope of a dose-response curve may be determined by applying
any of a variety of mathematical curve fitting techniques to the experimental observations,
The methods usually used by the USEPA Carcinogen Assessment Group make the assumptions
of no threshold and linear response at low doses. Conservative assumptions are made in
determining cancer potency slopes. Cancer potency slopes are usually set at the upper 95
percent confidence bound on the slope predicted by the curve fitting routines. Because the
potency slope is linear (i.e., it is in units of increased risk per milligram of chernical to which
one is exposed) one may calculate a cancer risk simply by multiplying the estimated exposure
by the response slope.

Very few compounds have been demonstrated unequivocally to be carcinogenic in man.
However, studies of chemicals in laboratory animals have shown a variety of chemicals to
cause cancer, and it is prudent to assume that animal carcinogens may also cause cancer in
humans. As the experimental evidence for cancer production varies in both quantity and
quality, the USEPA has developed a weight-of-evidence system for determining the confidence
with which findings in human epidemiologic studies or animal experiments may be generally
extrapolated to man (the weight-of-evidence for each chemical detected at the Site is indicated

in the Toxicity Information Table, 4.18). Chemicals may be rated as:
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A sufficient evidence from epidemiologic studies show that there is a causal association
between exposure to the chemical and cancer in humans, These compounds are often

referred to by USEPA as "known human carcinogens";

B limited evidence from epidemiologic studies or sufficient evidence Jirom animals
studies (usually positive findings in more than one species) of a causal link. These
compounds are often called "probable human carcinogens” and are rated B-1 if the
data is from human epidemiology or B-2, if the data is from observations in animals;

C limited evidence from animal studies of a causal link {usually positive findings in
only one species, often where there is controversy over whether the animal is a good
“model” for human cancer). These compounds are referred to as "possible human

carcinogens”;

D not classified; and

E no evidence of carcinogenicity in humans.

A difficulty arises in determining at what level of certainty compounds should be assumed
to be human carcinogens, or when it is sufficiently unlikely that a compound causes cancer
in man that it should be assessed based on some other toxic action. Superfund guidance
manuals provide no guidance in this area. The USEPA Office of Drinking Water, in setting
drinking water standards (Maximum Contaminant Levels) and guidelines (Maximum
Contaminant Level Goals) generally treats A and B weight-of-evidence levels as if they are
humans carcinogens, while using other methods for C level and less (the Reference Dose
method, as described below). In this risk assessment, the cancer risk has been calculated
for all chemicals where a potency factor was available (USEPA, 1991, IRIS database). As
this included some C-level carcinogens and compounds where the rating is being reviewed,
the current approach may be considered somewhat more conservative than that used by the
Office of Drinking Water,
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4.3.2.3 Assessment of Other Toxic Actions

Most toxic effects other than cancer are believed to have a threshold. Therefore, one may
characterize an exposure to a non-carcinogenic compound as above or below this threshold.
However, experimental data do not often provide a precise estimate of the threshold for a
compound. The typical procedure for dealing with this uncertainty is to determine a
"Reference Dose" (RfD), which is an estimate (with uncertainty spanning perhaps an order
of magnitude) of daily exposure to the human population (including sensitive subgroups) that
is likely to be without an appreciable risk of deleterious effects during a lifetime (USEPA,
1991). At this level, it is extremely unlikely that any toxic response would be observed, and
it may well be that the RfD is substantially below threshold.

Risk characterization using the RfD is done by comparing the estimated exposure to the RfD
for each chemical. If the ratio of the estimated exposure to the RfD (this ratio is often called
a Hazard Index) is less than 1, then the risk of a health effect is low. Progressively more
confidence in the safety of the exposure is obtained as Hazard Indices fall further below
unity (1).

Potency Factors and R{D values for the constituents of concern at the Industri-Plex Site are
presented in Table 4.18. The toxic effects of each of the constituents of concern and the
methods applied to the data to derive quantitative toxicity factors (potency factors and/or
RID values) are described in toxicity profiles presented in Appendix G.

4.3.3 Exposure Assessment

The exposure assessment identifies real and potential exposure pathways, receptors, and
concentrations of chemicals at specific exposure points. Exposure is quantified with the aid
of "exposure scenarios”, which identify human activity patterns that promote exposure (e.g.
how much drinking water is ingested per day). Quantitative exposure information is integrated
with estimates of toxic potency of the constituents of concern to evaluate potential health

risks.

4.3.3.1 Introduction
This exposure assessment evaluates the current conditions of the Site in determining exposure

scenarios and the chemical concentrations in media with which humans may make contact.
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Exposures as a result of potential future uses of the Site would be considered to be lower
than those developed for this risk assessment. This results from the implementation of
remedial actions currently in design (installation of a permeable cover over soils with metal
concentrations above action levels, interception and treatment of affected ground water, and

installation of a gas-collecting cap on the East Hide Pile and treatment of the off gas).

4.3.3.2 Site Features

The general features, location, and history of the Site have already been reviewed (see
Section 1.2 and 4.1). The boundaries of the Site and Study Area are illustrated in Figure 1.
The Site property is currently surrounded by a tall, chain link fence. Public access to the
Site is also discouraged by the presence of a security patrol.

The Study Area includes the Site, plus a large segment of land which extends south to
Mishawum Road (Figure 1). This area is industrially zoned and consists almost entirely of
industrial and commercial properties. Residential areas are fairly remote in terms of the
Study Area. Most houses are located approximately one half mile to the east of the Boston
& Main Railroad or south of the Woburn Mall, where traffic is very heavy.

Uncontrolled portions of the Study Area that might pose a risk to the public are not easily
accessible. Field staff were routinely questioned by management or security personnel (e.g.
Digital) about the nature of their activities in the area. Stands of tall rush surrounding the
wetlands made passage difficult. Many locations near heavily developed areas presented

physical hazards, such as steep embankments, moving traffic, passing trains, and broken glass.

Land within the Study Area is not used for agricultural purposes. Some employees of
businesses adjacent to the Hall's Brook Holding Area and Phillips Pond fish during break
or lunch hour. Some of the people questioned were not aware of the history of the Site, but
none had any desire to take home "keepers", saying they only fished for sport.

No private or public wells are currently operating on or downgradient of the Site.
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4.3.3.3 Conceptual Model of Potential Exposures
In support of the original RI/FS, (Roux Associates, 1983;1984), a baseline "endangerment
assessment” was performed, which considered the following potential human exposure routes:
* drinking ground water off-site;
s drinking surface water on-site;
¢ breathing airborne particulate or VOCs; and

¢ ingestion and dermal absorption of soil constituents on-site.

The exposure assessment utilized in this risk assessment revisited the ground-water exposure
scenario, but used a much more conservative approach by placing potential ground-water
receptors within the Study Area. Hazards posed by surface waters were also revisited,
however, the scenario only considered exposure by recreational wading or bathing. Fish
ingestion, which was not considered in the original endangerment assessment, was considered
in this analysis as this pathway is a realistic exposure route. Additionally, inadvertent ingestion
of sediment through incidental contact was considered.

An exposure scenario considering personal use of ground water for drinking and household
use was included in this assessment as a potential future exposure. The overburden aquifer
may be regarded as a potential source to drinking water, although there are circumstances
limiting this possibility. The most obvious is that the municipal system is available for water
users in the area. Wells G and H, which were located south of Route 128 and west of
Route 93, have been closed for over 10 years. This aquifer is overlain by an industrial park,
is near two major highways serving industrial transportation needs, and is in contact with
surface-water bodies which receive large amounts of urban stormwater runoff. This area
has seen industrial activity for more than a century, and ground water from Woburn has
achieved notoriety with regard to public health risk. In addition, it appears this aquifer is
naturally high in iron and manganese, further limiting suitability as a potable water supply.
Based upon these considerations, it is unlikely that the overburden aquifer would qualify as
suitable for public needs under State regulations or the wellhead protection plans required
by the USEPA Office of Groundwater Protection.

Based on flow data gathered during the GSIP RI, it appears that a large portion of the aquifer
is intercepted by the Hall's Brook Holding Area and associated wetlands. These waters are
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classified as "B" by the Massachusetts Code of Regulations, and may potentially serve as
recreational swimming areas. However, these wetlands have been designed to serve the
industrial park for the control of floodwater. It is clear upon inspection that both the Hall’s
Brook Holding Area and the Lower South Pond are not conducive for recreational bathing.
Shoreline areas present physical hazards and would be unattractive ta bathers, being composed
of soft, deep mud or dense stands of tall rush. Other areas which might be more accessible

are located on private property and have fairly steep embankments,

During numerous Site visits, field personnel did not observe children playing in the Study
Area. This is most probably due to the nature of the Site and its location. To reach the
Site, children would have to travel by bicycle or walk a long distance (greater than one half

mile) from residential areas.

Although zoning and deed restrictions would likely preclude use of the property for residences,
USEPA requested analysis of the risks of contact with materials in these areasif the frequency
and duration of contact were similar to that predicted for residential use. These worst-case
exposures were included as being representative of a potential future use scenario, i.e. any

future risks would be expected to be lower than these "maximum exposure concentrations”.

It is notable that the National Contingency Plan requires that a "reasonable maximum®
exposure be considered in the risk assessment, and defines that term such that "only potential
exposures that are likely to occur will be included in the assessment of exposures." The
preamble to the National Contingency Plan final rule, published in March, 1990 goes on to
state that "The assumption of residential land use is not a requirement of the program but
rather is an assumption that may be made, based on conservative but realistic scenarios, to
ensure remedies that are ultimately selected for the Site will be protective. An assumption
of future residential land use may not be justifiable if the probability that the Site will support
residential use in the future is small." Finally, the preamble states "Where the likely future
land use is unclear, risks assuming residential land use can be compared to risks associated
with other land uses, such as industrial, to estimate the consequences if the land is used for

something other than the expected future use." This type of comparison is presented in this
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risk assessment. If the future residential use of the property can truly be characterized as
small, several of the exposure scenarios in this assessment go beyond the requirements of
the National Contingency Plan.

The exposure scenarios suggested by this conceptual model of the Site are listed in Table 4.20.
Locations mentioned in the exposure model (Hall's Brook Holding Area, Lower South Pond,
SW-16, and observation wells south of ISRT property) are presented in Section 1.2.

The subsequent sections of this chapter indicate the data used and assumptions made to

develop quantitative exposure estimates of these scenarios.

4.3.3.4 Development of Exposure Scenarios: Locations, Exposure Point
Concentrations, and Receptors

Ingestion and Household Use of Ground Water

Presently, there is no use of ground water at the Site. All other downgradient wells (Wells
G and H, formerly public wells) have been closed. Only observation wells within the Study
Area (developed as part of the requirements for the RI/FS, the GSIP RI and the PDI) have
been considered in the current data base and are inventoried in Table 4.19. Wells which are
"on-site" are defined as those within the Site boundaries, while those "off-site" are exclusive
of the former. In accordance with the GSIP RI Work Plan, only off-site wells were evaluated
for potential risk or hazard.

This risk assessment considered a potential future exposure, in which ground water in its
present condition is the sole source of water utilized by an individual household for (children
and adults) drinking water and bathing. Both the geometric mean and maximum ground-water

concentrations detected in the wells (off-site) were used. These values are presented in
Table 4.21.

Both dissolved and total ground-water samples were analyzed during the GSIP RI. Analytical
data from total samples were used for calculation of exposure concentrations. There is some
uncertainty associated with the use of dissolved versus total samples of ground-water samples
in determining potential exposure to metals. If a observation well ground-water sample is

not dissolved, sediments entrained in the ground water are digested by the acid used to
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preserve the sample, and sediment metals are dissolved. There is also reason to believe this
sediment would not be present in a well developed for public or private use. Consequently,
total samples from an observation well do not adequately simulate a potable water supply,
and are expected to overestimate risk.

Recreational Bathing - Wading or Swimming

It is possible that children or adults might gain access to Lower South Pond or the ponded
portion of the Hall’s Brook Holding Area. The former is shallow (less than 3 feet), with a
soft muddy substrate and a dense layer of submerged aquatic plants. Waters of the latter
are fairly deep, except for the northern end where the Atlantic Avenue Drainway empties
into the pond.

The theoretical exposure scenario developed for these areas would be wading in Lower South
Pond or swimming in the Hall’s Brook Holding Area. In addition to the potential to absorb
constituents of concern through the skin, the scenario also incorporates the incidental ingestion
of surface water and sediment. However, as a result of the locations and nature of these

water bodies, it would be expected that such activity would be infrequent.

Locations used to calculate exposure concentrations for Lower South Pond include SW-1
and SW-2 (GSIP RI data, water and sediment) and SW-1/024 through SW-1/039, SW-1/041,
and SW-1/048 (PDI data, sediment only). Final mean and maximum concentrations are pre-
sented in the left hand column of Table 4.22 through 4.23. Locations used to calculate
exposure concentrations for the Hall’s Brook Holding Area were SW-9, SW-11, SW-13 (and
the top 6 inches of the CORE sample, south of SW-13, for sediment). With the exception
of the northern and southern end of the Hall’s Brook Holding Area, all of these waters are
deep (greater than 10feet) and therefore represent absolute worst-case concentrations. Mean
and maximum concentrations for these locations are presented in the left hand column of
Table 4.24 through 4.25.

Ingestion of Sediment
Since a number of constituents of concern (e.g. PAH) were detected at SW-16 and the stream

bed is dry during the summer months, a potential exists for a child (12 to 14 year old range)

to gain access to this area and ingest sediment through incidental contact while playing.
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Frequency of exposure for this setting would also be considered to be quite low based upon
the location and access to the Site, as previously discussed. Concentrations of constitnents
of concern recorded at SW-16, are presented in Table 4.26.

Fish Ingestion
Ingestion of fish taken from the Hall’s Brook Holding Area is a feasible exposure scenario,

although no species of economic importance are present within Lower South Pond.
Constituents of concern may partition from surface water into the flesh of the fish, which
would eventually be consumed by man. Although the frequency of this activity might be
considered to be slightly higher than other scenarios based on field observations, the fish
yield from this pond would probably the limiting factor for this exposure route. Concentrations
of constituents of concern expected in fish flesh were calculated using available
bioconcentration factors (USEPA, 1988) and surface-water concentrations from SW-9, SW-11,
and SW-13. These average and maximum exposure concentration values are presented in
Tables 4.27 and 4.28.

4.33.5 Estimation of Exposure Dose

In this section, specific assumptions required to produce a quantitative estimate of exposure
are presented. Summary tables of the estimated exposures are also given. Detailed output
of the spreadsheet calculations used to estimate these values are presented in Appendix G.

Ground-Water Ingestion and Household Use
The daily intake of constituents of concern via ingestion of ground water was calculated using
USEPA Region I Risk Assessment Guidance (USEPA, 1989). Intake is the product of the

water concentration and the average daily water volume intake, adjusted for body weight.

Thus, the exposure estimate is in units of milligrams contaminant per kilogram body weight
per day (mg/kg/day). The exposure is assumed to last an entire lifetime for carcinogens
and is calculated for an adult. For non-carcinogens, the exposure is not pro-rated for a
lifetime. The calculation for non-carcinogens is calculated for a child (an ingestion rate of
1 L/day per 10 kg body weight). This is consistent with the calculation used for drinking
water health advisories and will always be larger than the exposure in adults.
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Incidental exposure to volatile constituents in household tap water may occur via inhalation

of VOCs "gassing off" the water during a variety of daily activities (e.g. bathing, clothes
washing, shaving).

Equations used for this dose estimation and sample calculations can be found in Appendix G.
The assumptions employed in this calculation are as follows.

Ingestion (USEPA, 1989c¢):

* consumption of 2L./day for a lifetime (70 years) for assessing exposure of carcinogens
(exposure for children was pro-rated). Less than lifetime exposures were considered
for non-carcinogens, and in these calculations a consumption value of 1 L/day was
used for children;

* a RAF (relative absorption factor) of 1 for ail constituents of concern;

* an average body weight of 70 kg for adults, 45 kg for young children.

Exposure was also assessed for a more realistic scenario, in which ground water might be
consumed by an industrial worker (Appendix G.). The scenario assumed that:
* an industrial worker might ingest 1.4 liters of water per day;
¢ the exposure duration would be 25 years;
* the exposure frequency would be 250 days per year (50 weeks x 5 days/week);
* inhalation would not be considered as a feasible exposure route as the commercial
operations within the Study Area consist of warehouses, light industry, and retail
facilities.

Household Water Use (McKone, 1987)

USEPA guidance (USEPA, 1989a) indicates that the exposure to VOCs as a result of
household water use is considered equivalent to that produced by consumption. Ground-
water VOC concentrations used in the exposure assessment calculations are the geometric
mean ("average case"), and maximum ("worst case") for all of the samples taken at the Site.

Because the maximum ground-water VOC concentration for each constituent of concern may
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not occur simultaneously at a single well for a single "theoretical” household, it is important
to recognize that the maximum exposure concentration calculations are extremely
conservative. Exposure concentrations for this scenario are given in Table 4.21. All
concentrations used are for total metals samples.

Recreational Bathing - Wading or Swimming
Intake of constituents of concern by dermal absorption while wading in shallow ponds {(Lower

South Pond) or swimming in deep surface-water bodies (Hall’s Brook Holding Area) is also
considered as a possible exposure route. Dermal absorption via this exposure route is the
product of the concentration of each constituent in water, the skin surface area in contact
with the water, the length of time spent in the water, and the rate at which chemicals may
be absorbed through the skin, adjusted for body weight.

As described in the GSIP RI Work Plan, the method of Vanderslice and Ohanian (1989)
was used to calculate dermal permeability constants. Although other values for constants
may be available in the guidance (USEPA, 1989a), the use of this method insures consistency
within each exposure scenario and eliminates gaps where no data are available. Their work
shows that a rough approximation of transfer rates for organic materials can be calculated
as a function of the ability of the chemical to transfer from water to an oil, as indicated by
the octanol-water partition coefficient (K,). They suggest that, for K, less than or equal
to 1, the transfer rate is 0.001 cm/hour, while for K s equal to or greater than 500, the value
is 0.1 cm/hour. Between these values the transfer rate is approximated by (K,.>” )/1000
cm/hour. If these values are applied to a unit concentration (1000 mg/cm? ), a chemical
absorption rate in mg/cm? surface area/hour /unit concentration is derived. Dermal absorption
of inorganics is assumed to be negligible.

During wading, ingestion of sediment and surface water might also occur. The following
assumptions were used:
* incidental ingestion of 100 or 50 mg/day sediment for a child or adult, respectively;
* incidental ingestion of 0.050 1/day surface water for both child and adult;
* an exposure duration of 2.6 hours/day;

* exposure frequency of 12 days/year (once per week for a period of 90 days);

ROUX ASSOCIATES INC MO06609Dy. 1Da.3r



-148-

¢ for wading, the lower half of the legs, from the knee down, is used to calculate skin
surface area contacting water; a skin surface area of 350 and 550 ¢m? children and
adults, respectively. For swimming, a skin surface area of 14850 and 18150 cm? for
children and adults, respectively was used. This represents the average surface area
for the entire body;

* an average body weight of 70 kg for adults, 45 kg for young children; and

* a RAF (relative absorption factor) of 1 for GI absorption of each constituent of

concern,

Table 4.24 and 4.25 present exposure estimates for the recreational bathing scenario. Because
the nature of the activity is assumed to be random, the constituent concentrations used for
these calculations for sediment and surface water were based on the geometric mean (average

case). Maximum values were not considered.

Ingestion of Sediment
Sediment ingestion was considered a possible exposure scenario for SW-16 during the dry

period. The following assumptions were used in calculating the exposure concentrations:
e  at this location, the exposed individual is a child (age 12 to 14). These exposures
are pro-rated over a 70 year lifetime for carcinogens, but the averaging period is
ignored for non-carcinogens;
¢ an exposure frequency of 30 days/year;
¢ the ingestion rate for soil is 100 mg/day; and

* a young child (12 to 14 years) weighs 45 kg.
Exposures estimated for the scenarios described here are givenin Table 4.26. The constituent
concentrations used for these calculations were the geometric mean (average case), and

maximum (worst-case) concentrations for the sample taken from SW-16.

Fish Ingestion

Concentrations of constituents of concern in fish flesh were estimated by multiplying the
surface-water concentrations by the appropriate bioconcentration factor. Assumptions used

for estimating exposure by this pathway were:
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* an average fish ingestion rate of 38 g/person/day and a maximum rate of 138
g/person/day;

* an exposure frequency of 48 meals/per year;

* tenpercent of the fish diet is contributed by fish from the Hall’s Brook Holding Area;

* an average body weight of 70 kg for adults, 45 kg for young children;

¢ a RAF (relative absorption factor) of 1 for GI absorption of each constituent of

concern,

In the case of arsenic, it was further assumed that 10 percent of the total arsenic accumulating
in the fish is in an inorganic form for which a cancer potency factor is available (USEPA,
1987, Table E-1). Exposure concentrations were based on mean surface-water concentrations.
Exposure concentrations are presented in Table 4.27 and Table 4.28, while sample calculation
spreadsheets are presented in Appendix G.

4.3.4 Risk Characterization

The purpose of the risk characterization is to quantify the degree of risk using information
developed from the data evaluation/hazard identification steps and the toxicity and exposure
assessment profiles. The term "risk” is further refined within this step to segregate carcinogenic
from non-carcinogenic effects, Thus, the "risk” will be expressed as the incremental cancer
risk due to the potential exposure to known or suspect carcinogens that may be present within
the Study Area, and as the potential hazard due to non-cancer effects expressed as a ratio

between the predicted exposure point concentration and the USEPA RfD (also known as
a hazard quotient),

4.3.4.1 Results of Risk and Hazard Index Calculations
The potential impacts of the chemicals selected for the Site were estimated by calculating
cancer risks for constituents of concern with known carcinogenic activity, and hazard quotients

for constituents of concern that may exhibit short-or long-term systemic effects.

To evaluate cancer risk, the estimated exposure dose (calculated as described in Section 4.3.3)
was multiplied by the appropriate cancer potency factor. The product obtained is the "risk"
for that theoretical exposure, i.e. the increased probability that a person exposed as described

would have of getting cancer as a result of that exposure. The tables included in this section
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use scientific notation in reporting risk. For example, if the risk value were 1E-06, it would
indicate a probability of 1 x 10, or 1 extra chance in 1,000,000 of contracting cancer as a

result of the exposure.

For noncarcinogenic constituents, it was assumed there is a toxic threshold (a dose below
which no adverse effects will be seen), and the degree of hazard was expressed as the ratio
of a standardized RfD to the exposure dose. This ratio is known as a hazard quotient. If
the value is below one, then it is assumed that no risk is associated with the scenario. If the
hazard quotient is above one, then an impact may be possible. Hazard quotients for
compounds that have similar toxic mechanisms and/or effects may be treated in an additive

fashion, expressed as a cumulative hazard index.

In the present risk assessment, cancer risks and hazard quotients were calculated for the
exposure doses associated with exposure to media containing the maximum detected
concentrations of constituents of concern, or as exposure to media at the geometric mean
concentration (calculated from all data, using one half the detection limit as a concentration
where non-detect was reported). Calculations were made for each individual chemical, as

well as for the additive risks of exposure to mixtures.

As previously mentioned, hazard quotients are not usually added unless there is reason to
believe the toxic action of different chemicals are similar and additive. In the results presented
here, hazard quotients are added (to obtain a hazard index) for all chemicals only as a rough
screen of potential impact on noncarcinogenic compounds. When the hazard index falls below
one, there is a very low likelihood of impact. When the hazard index is above one, further
analyses may be performed to determine if constituents of concern are likely to be additive
in their toxic effects.

Ingestion and Househeld Use of Ground Water

Table 4.29 summarizes the estimated risks from a "worst-case" exposure to chemicals (i.e.,
if an individual were to use ground water near the Site as a sole source for drinking and other
domestic uses). These risks have been calculated for average and maximum detected
concentrations of chemicals in ground water except for arsenic. Analyses have shown arsenic

species in ground water to be approximately 89 percent organic (MMAA and DMAA acids).
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These compounds have not been shown to be carcinogenic (personal communication, Robert
McGaughy, USEPA Carcinogen Assessment Group). Therefore, only 11 percent of the
estimated exposure was applied to the cancer risk estimate. Total arsenic exposure was used
for calculation of the hazard quotient.

Cancer risks for the water ingestion and household use scenario ranged from approximately
6.0 x 10”° to 4.9 x 10% for average and maximum concentrations, respectively. Benzene
contributes the greatest portion of the risk in the calculations utilizing the maximum ground-
water concentrations while arsenic contributes the greatest risk at average concentration.
1,1-Dichloroethene also contributes a portion of the risk, primarily from inhalation during
showering.

Cancer risks were also calculated for a more reasonable (although still less feasible) scenario
where an industrial worker might consume water from a well located downgradient from the
Site (Appendix G). Cancer risks ranged from 9.1 x 10 for the average concentration, to
5.6 x 10* for the contribution of each well at which maximum concentrations were recorded.
Risks under this exposure scenario represent at least a ten-fold decrease from those estimated

for the domestic use scenario.

Hazard quotients for all metals, except antimony, arsenic, barium, cadmium, lead and zinc
were less than 1 when calculated using maximum observed concentrations, indicating as low
likelihood of health impact for all constituents but these. The only hazard quotient above 1
for average concentrations is antimony. The hazard index {all hazard quotients summed)
is 6.3 due primarily to antimony, plus significant contributions of below unity hazard indices
from arsenic, cadmium and lead. It is questionable, however, if the toxicity of these
compounds should be assumed additive. The toxic effect of antimony is non-specific (reduced
lifespan in experimental animals), while the toxic effects considered for arsenic, lead, and
cadmium are ketosis of the skin, effects on blood forming elements, and kidney effects,
respectively. Thus, the target organ toxicity is different in each case, It is known that lead
also affects the kidney, but the literature indicates that neither arsenic nor lead seem to
interact with cadmium to produce increased renal toxicity (Buchet, et al., 1981; Mabaffey
and Fowler, 1977).
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Recreational Bathing - Wading or Swimming

Tables 4.30 and 4.31 list the estimated cancer risks and hazard quotients for exposure to
constituents of concern in surface water and sediments, if one were to wade regularly in the
Lower South Pond. The risks for this scenario were 1.3 x 10? and 8.6 x 10 total-earcinogenic
risk for the children and adults, respectively. All hazard quotients were less than 1 for the
exposure scenario, as was the additive hazard index, iridicating that this level of exposure

would be unlikely to cause a health impact. -

A similar exposure scenario was evaluated for Hall’s Brook Holding Area, should trespassers
or residents of the industrial park surrounding the water body make frequent use of this pond.
Hall’s Brook Holding Area is deeper than Lower South Pond, so the exposure scenario
considered swimming (i.e., complete immersion) rather than wading. Tables 4.32 and 4-33
show cancer risks and hazard quotients for this scenario.” Total cancer risks for children and
adults, respectively, were calculated to be 6.2 x 10~ and 4.0 x 10°. A majority of this risk
is derived from arsenic and the potentially carcinogenic PAH present in sediment.  No hazard
quotient-is greater than 1 (nor is the additive hazard index) indicating a low likelihood of

impact from non-carcinogenic substances for this scenario.

It is notable that the operations at the facilities near Hall’s Brook Holding Area seem likely
to discourage the types of activities, such as children visiting, that promote relatively frequent
exposure analyzed in this scenario, Thus, the exposure scenario may be characterized as

WOrst-case.

Ingestion of Sediment

Table 4.34 summarizes the cancer risk estimates for exposure via ingestion of chemicals in
sediments using the analytical results at sampling location SW-16. For the present scenario,
in which children make occasional contact with sediment, the calculated risk is 4 x 10°. A
majority -of the total risk reported for this pathway comes from arsenic; the next largest
proportion of total risk, from carcinogenic PAH, is an order of magnitude lower than the
arsenic risk. The additive hazard index does not exceed one.
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Fish Ingestion

Tables 4.35 and 4.36 give cancer risk and hazard quotient values for exposure to chemicals
that might be available to fish inhabiting the Hall’s Brook Holding Area. As mentioned in
the exposure assessment, this impoundment is fished by individuals, primarily those employed
by surrounding industries. Total cancer risk values ranged from 1.0 x 10° to 3.6 x 10%,
depending on the assumption used for the amount of fish ingested. The overwhelming portion
of the total cancer risk comes from arsenic; no other compound contributes more than 1/100
the risk produced by arsenic in this scenario. The hazard quotient is less than one, indicating
low likelihood of a health impact from other toxic chemicals.

4.3.42 Uncertainty Associated with the Risk Assessment

There will always be uncertainty associated with risk estimates as a result of the limitations
imposed upon the process (e.g. development of worst-case scenarios, use of assumptions).
The following discussion identifies the uncertainties associated with variables used for risk
calculation in this health risk assessment, and notes the effect that the uncertainty may have
on the estimate. The discussion is arbitrarily divided into two parts, toxicity information and
exposure information.

Toxicity Infermation

Toxicity data for health risk assessment is obtained from observations of toxic effects in
humans accidentally exposed to chemicals, or from observations of deliberately dosed
experimental animals. On a chemical-by-chemical basis, there is variability in the confidence
which can be placed in the experimental results, based on the quality of the experimental
protocol, the number of species and individuals utilized, whether the results were independently
reproduced, etc. A discussion of the weight-of-evidence system for ranking potential human
carcinogens, which takes many of these issues into account, was presented in the Toxicity
Assessment section of this report. Weight-of-evidence rankings for the constituents of concern
are given in Table 4.18 and elsewhere in the report.

The findings of this risk assessment indicate that, while several chemicals have been detected
at the Site, and contribute to the overall health risk, arsenic is the chemical of primary
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concern. Therefore, the uncertainties associated with toxicity assessment for arsenic are worthy
of consideration. This topic was reviewed in a special report from USEPA in 1987 (USEPA,
1987).

There is a fairly strong association between inhaled arsenic and lung cancer. While there
are indications that skin cancers may result from the ingestion of arsenic, there are also reasons
to believe that certain modifying factors may need to be considered in doing risk assessment

on cancer from oral exposure to arsenic.

As discussed in the toxicity profile (Appendix G), the evidence that arsenic causes cancer
by the oral route comes primarily from a large epidemiology study of a Taiwanese population
consuming ground water containing high natural levels of inorganic arsenic. Exposed
individuals had a three to four fold higher risk of a particular type of skin cancer relative
to controls. Some uncertainty concerning the finding is derived from the fact that other
chemicals were also present in drinking water. The independent or interactive effect of the
chemicals with arsenic is unknown. Additionally, the studied population had a diet generally
different than the typical American diet; a low protein intake that might alter the ability of
the body to detoxify and eliminate arsenic. On the other hand, while most cancer potency
factors are the upper 95 percent confidence levels on the slope, the review by USEPA resulted
in a decreased estimate of cancer potency than what had previously been believed.
Nonetheless, the toxicity values developed were still considered duly conservative and more
likely than not to overestimate risk. The potency factor for arsenic is a maximum likelthood
estimate (this seems reasonable given that the toxicity was observed in humans rather than

experimental animals).

Dietary differences not withstanding, the findings of the Taiwanese study are applicable to
only inorganic forms of arsenic. At the Site, both DMAA and MMAA or have been identified
in ground water and represent a large fraction of the total arsenic present (Appendix G).
There is no available evidence to suggest that either form is carcinogenic in humans or

laboratory animals.
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On a more general basis, much of the uncertainty in toxicity information arises from three
factors in experimental toxicity data that are not well known.

1. Is toxicity observed in animals representative of what may occur in man?

If toxic effects occur in animals that would not occur in man, using experimental data
in the development of a risk assessment the impact will be overestimated (i.e.,
estimating the incidence of a toxic effect, when its true likelihood is zero). However,
relying on information from animals when humans suffer different effects altogether
will cause underestimates of impact.

USEPA'’s response to this uncertainty is to assume effects seen in animals can be
extrapolated to man and, further, to assume, failing evidence to the contrary, that
humans are more sensitive than animals to the observed effects. Thus, in setting
an RfD, a no-effect level is often divided by ten to account for species to species
extrapolation. Dourson and Stara (1983) report that this practice seems to be
substantiated by scientific evidence as protective. In the case of cancer dose response,
USEPA assumes that relative sensitivity to a toxic effect is related to surface area
of the body. The practical result of this assumption is that dose response data is
generated as if humans were 13 times more sensitive than mice and five to six times
more sensitive than rats.

2. Can toxicity observed in a small group of animals or humans be extrapolated to a
large population of people that may be diverse in their susceptibility to the toxic
effects of a chemical?

Itis clear that humans vary in their response to chemicals. Even if extreme sensitivity
is rare, in a large population there are always individuals who respond to lower doses
than the "average” individual. USEPA’s response to this variability is to generally
require a ten fold reduction in the no-effect level (or a 100-fold reduction in the
lowest dose observed to cause an effect) to arrive at an RfD.
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3. Canone extrapolate effects seen at high doses to possible effects at low doses? How
should the extrapolation be carried out?

Determining how one should extrapolate to low dose effects is among the least certain
aspects of health risk assessment.

As previously mentioned, the mechanism by which certain chemicals cause cancer
suggest that there would be no dose of these chemicals that was without some risk
of producing cancer. If this were the case, and a threshold were presumed,
underestimates of risk would occur. Thus, the prudent assumption used for most
risk assessments is that the no-threshold condition exists for all carcinogens. USEPA
uses this assumption and employs models for dose-responsiveness that are among
the more conservative for estimating low dose response. Additicnally, for data
utilizing the linearized mulitistage model (as noted in the toxicity profiles presented
in Appendix G), the upper 95 percent confidence interval on the possible slope of
the line fit through the data is used. This approach makes it much more likely than
not that the risk is overestimated using the cancer potency factors provided by
USEPA.

Exposure_Assessment
Uncertainties in the exposure assessment may be broken into the chemical data used for

assessment and assumptions concerning the activities of individuals that promote exposure.

Chemical data may be uncertain due to limitations of the analytical technique, decreased
precision or accuracy due lack of proper quality control procedures in the field or the
laboratory, and increased variability due to human error. Laboratory data may indicate a
value that is higher or lower than the true concentration, leading to overestimates or
underestimates, respectively, of exposure. Underestimates or overestimates due to variance
in chemical data or calculation errors are probably equally likely. The variability expected
in chemical data (less than 50 percent) is relatively small in comparison to other uncertainties

associated with the risk assessment.
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Chemical data where concentrations are below the detection limit for the analytical method
present 2 larger uncertainty. Chemicals may be present at concentrations just below the
detection limit or may be absent resulting in no apparent difference. Overestimates or
underestimates of exposure may occur, depending on the approach for the use of non-detected
values in the risk assessment. Assuming a chemical is present (at the detection limit or some
fraction of the detection limit) would overestimate exposure if the true value were lower,
while assuming not detected was equivalent to zero when some chemical was actually present
would underestimate exposure. The approach used in this risk assessment was suggested
by USEPA Region I and represents a method intermediate to those described above.

When a chemical was not detected in any sample, it was eliminated from consideration (i.e.,
treated as if the concentration were zero). This leads to estimates that are equal to or Jess
than the true exposure. Where chemicals were detected in some samples, but not others,
the non-detects were treated as if a concentration equal to one half the detection limit were
present. The may lead to underestimates or overestimates. When a "trace” of compound
was reported, because it was below the limit of detection it was treated as if it were present
in an amount equal to one half the detection limit. This may lead to underestimates or
overestimates of exposure. The data base used for this risk assessment included data that
was validated as "qualitative”, i.e. there is a fair probability that the value, based on any
number of reasons (e.g. exceedence of holding time or sample recovery) may not represent
the true concentration.

Chemical data are obtained from samples taken at the Site, and there is always the question
as to whether the samples are representative of the Site (or exposure location) as a whole.
Sampling designs devised to determine the overall nature and extent (e.g. using a
predetermined grid) may underestimate the risk if specific locations where there is increased
probability for exposure are undersampled (although the likelihood of exposure occurring
in any given area must be known to truly characterize this uncertainty). On the other hand,
biased sampling designs, intended to identify "hot spots" based on visnal observation, may

tend to overestimate risks. The use of maximum and average concentrations for the media
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of concern, helps to make it more likely than not, that the theoretical exposure is
overestimated rather than underestimated. In the case of biased sampling regimens, where
sampling was done in "zones of opportunity,” use of the data is more likely to overestimate
than underestimate the general condition of the Site.

For many of the activities that promote exposure to chemicals there is variance among the
populationin the extent to which the activity occurs. For involuntary activities (e.g. breathing,
fluid intake) the variance is controlled mostly by physical size and activity and is often fairly
well understood. For more esoteric activities, variance may be larger, and related to personal
preferences. Examples of this type of exposure parameter are soil ingestion, which would
be expected to be more extensive in children and individuals spending greater periods of time
outdoors, or ingestion rates for foods, such as fish, which are highly variable by region, cuiture,
and among individuals. Use of different values for these variables lead to an estimate of
exposure that is relevant to some portion of the population, but not others. That is, unlike
the variance in chemistry data that causes an estimate to be different from a "true" value,
changes in this type of exposure value causes one to, for instance, accurately estimate an
exposure for an "average" individual, but underestimate the exposure to people who practice
the exposure-promoting activity to a greater than average extent. USEPA favors protecting
a large portion of the population by using some exposure variables that are above the 90th
percentiles for confidence. That is, USEPA’s response to the uncertainty of exposure

parameters is to consider a reasonable maximal exposure.

It is notable that a large portion of the population may be protected in the face of uncertainty
even if only a few of the exposure variables are of high or even median confidence because,
for all exposure variables that are independent of each other, the probability of the overall
exposure is a multiple of each confidence level for each individual variable. An everyday

illustration of this principle of probability is that while obtaining "heads" on a coin flip is a
very likely event (1 chance in 2, or {1.5), the probability of obtaining heads on each of 10 coin
flips is relatively rare {(approximately 1 in 1000) and is calculated by multiplying the
probabilities of the individual events (.5 ten times, or .5 = 0.00098).
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It should be noted that, in this example, the variables are treated as though all are random
events. However, the "situations” that promote exposure of a certain type, such things as the
likelihood certain locations at the Site would be used for the described purpose (e.g. fishing,
swimming) or the probability that the water unit underlying the Site would be redeveloped

as a drinking water source, are dependent on non-random matters such as land use regulations
or the economy.

In summary, much of the information required for risk assessment is uncertain. In the face
of uncertainty, conservative assumptions are typically used, and these assumptions are
compounded by the multiplicative nature of the assessment. Thus, unless some uncertain
parameter has been substantially underestimated the assessment is more likely to overestimate
than underestimate risk. If the confidence values for toxicity and exposure parameters could
be calculated in a precise manner, in theory, the probability of an exposure scenario and
toxicity value could be multiplied by the health risk estimate to arrive at an overall probability
of a health impact. For the time being, these data are treated qualitatively using such

descriptors as "reasonable maximal exposure" and "worst case.”

4.3.5 Conclusions
Substantial difference exists in the potential health impacts of the Site, depending on the
particular exposure scenario considered. Differences also exist in the certainty associated

with the scenarios and the level of conservatism applied to each analysis.

Five exposure scenarios were analyzed that apply to present or potential future use of the
property. Of these analyses, only one, ingestion and household use of drinking water from
a domestic source, produced estimated risks of greater than 1 in 100,000. The estimated risks
for this improbable exposure scemario ranged from 10*/10° for average constituent
concentrations to 10° for maximum constituent concentrations. Analysis of risks for a more
reasonable exposure, such as consumption by an industrial worker, produced a lower range
of risk estimates. As municipal water is available from other sources, both scenarios are
considered a potential future use case.
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Estimated risk levels for uses of surface-water bodies such as fishing, swimming, and sediment
contact ranged from 10° for swimming, wading, and ingestion of sediment to 10 for fish

ingestion. The probability of such exposures occurring are, at present, very low.

Inspection of the results of this human health risk analysis reveals that, while several chemicals
were observed in the various media, and contribute to the overall potential risk of the Site,
arsenic is the primary constituent of concern for the scenarios investigated. The mechanism
responsible for mobility, and the evaluation of the different species that may be present in

ground water, Is currently under investigation.

Looking at the Site-related risks in a broader context, the implementation of the remedy
(currently at the 60 percent design stage) will reduce both the concentration of constituents
of concern in ground water and the potential for downgradient exposure. Thus, the major

contribution to the total risk at the Site will be, for the most part, eliminated.

4.4 Ecological Assessment

An ecological assessment {EA) is a qualitative and/or quantitative appraisal of the actual
or potential effects of a hazardous waste site on plants, wildlife and domesticated species
(USEPA, 1989¢). The approach utilized in conducting this assessment for the Site is discussed
below.

44.1 Introduction

Typically, an EA is instituted using a phased approach. This document presents the results
of the initial phase of the ecological assessment process for the Superfund Site, and was
conducted as a part of the GSIP RI. The focus of GSIP RI was to address concerns outlined
in Appendix H of the CD, which addresses migration of metals and volatile organic compounds
in ground and surface water. Consequently, the focus of this assessment is on impacts to the
aquatic community which is supported by the Aberjona River and associated tributaries and
wetlands, Additionally, a considerable amount of information has also been developed through
the PDI. Data developed through the PDI is intended to supplement remedial activities at
the Site. For completeness, this EA uses data sets from both the GSIP RI and the PDI.
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4.4.2 Objectives

The objectives of the ecological assessment are as follows:
* identify the types of habitats, organisms, and communities on or around the Site;
* evaluate the nature and extent of organic and inorganic compounds at the Site; and
¢ determine if there is an adverse (or beneficial) relationship between 1 and 2.

Guidance used to achieve these objectives is cited in the references given at the end of this
document (USEPA, 1973, 1982, 1986, 1987, 1989a,b,e,f; ORNL, 1986; APHA, 1989)

4.4.3 Scope of the Investigation

The field survey was conducted over a two week period during May of 1990. Biological
sampling stations (designated "BS"} were located 20 to 50 meters upstream of each surface
water station (designated "SW") required by the GSIP RI Work Plan (Plate 1) Additional
sampling stations (BS-18 through BS-26) were selected upstream of the Site to serve as
“reference” stations for comparison of benthic macroinvertebrate communities. Samples of
sediment or surface water were not taken at these stations, although physical measurements
(pH, D.O., temperature, conductivity) were performed.

4.4.4 Evaluation of Site Characteristics

Surface-water hydrology, aquatic habitats, and site impacts are discussed in the following
sections.

4.4.4.1 Watershed/Hydrology

The headwaters of the Aberjona River start in Reading, Massachusetts and flow southwest,
through several wooded wetlands, under Route 93, and onto the Site where the River changes
course toward a more southerly direction. The principal tributary is Hall’s Brook, which drains
the northwest section of Woburn, eventually discharging into the Hall’s Brook Holding Area.
Onsite, the Aberjona is also fed by several small wetlands and tributaries (WMS, 1986),
including the combined flow from the Lower South Pond and Phillips Pond. The Aberjona
meets the southern tip of Hall's Brook Holding Area just north of Route 128, and flows south
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until it meets Upper Mystic Lake in Winchester approximately 4.5 miles downstream of
Route 128. Based on information from the Massachusetts Division of Water Pollution Control
(314 CMR 4.0 - 4.06), the area of the Aberjona River north of Route 128 represents less
than 10 percent of the Mystic River Basin watershed.

The water quality of this section of the river is classified as B, meaning that these waters are
designated "as a habitat for fish, other aquatic life, and wildlife, and for primary and secondary
contact recreation” (CMR 314 4.05).

Several field investigations were performed, as part of the GSIP R], to determine the
contributions of the various tributaries to the total streamflow of the Aberjona (see
Section 3.3). Because this portion of the Aberjona is a headwater stream, the size of the

stream and thus the discharge rate generally increase as one moves from north to south.

For the purposes of the EA, the contribution of each tributary was assessed relative to the
total flow at SW-14 during late summer, which was considered 100 percent (Table 4.37).
The Lower South Pond and the North Branch of the Aberjona (north of SW-17) account
for less than 12 percent of the total discharge, while Hall’s Brook and Hall's Brook Holding
Area account for approximately 70 percent of the total (the flow from the Hall’'s Brook
Holding Area was estimated by subtracting the contribution from SW-10 and SW-12 from
the total flow).

A more in-depth analysis of the surface water hydrology at the Site is provided in Section 3.3.

4.4.4.2 Habitat
A preliminary assessment of the aquatic habitat was conducted by Wetland Management
Specialists (Section 4.1.1.). For assessment of macroinvertebrates, habitat was segregated

into two general categories, lentic (standing water) and lotic (flowing water).

The initial Site reconnaissance confirmed many of the observations made in the former
wetlands evaluation. Maps obtained from the Soil Conservation Service (Acton, MA) indicate
that almost all of the land area associated with the industrial park is classified as "udorthents”
(fill). Itis clear that many of the wetlands have been altered and that most of the Aberjona
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River (within the Study Area) has been channelized and/or culverted, with rip-rap placed
for bank stabilization. Vegetation in these areas is sparse, which restricts canopy cover and
precludes input of organic matter (e.g. leaves) necessary to support a robust community of
benthic macroinvertebrates. Stream beds are narrow, shallow, and generally lacking in

substrate (e.g. cobble) suitable for colonization by periphyton and aquatic insects.

Based on the above observations, it was concluded that much of the available stream habitat
could be classified as "disturbed” and would be considered less than adequate to support a

diverse community of fish or benthic macroinvertebrates.

4.4.4.3 Non-Site Related Impacts

Reconnaissance of upstream areas revealed considerable disturbance associated with suburban
development. Sections of the North Branch of the Aberjona and Hall's Brook pass through
residential property, receiving runoff from roads via storm drains. Downstream areas also
receive obvious non-point source impacts. Large parking lots located within the industrial
park (e.g. Woburn Mall, Digital), as well as fairly long segments of Routes 93 and 128,
discharge stormwater into the Aberjona River. Aquatic communities may be adversely affected
by the presence of toxic constituents (e.g. salt, oil, metals) present in the runoff. A complete
map, detailing location of storm drains and outfalls into the Aberjona and its tributaries, is
presented in Section 3.3 (Plate 14).

Based on available information, the Woburn Sanitary Landfill appears to be discharging ground
water into the New Boston Street Drainway, which eventually empties into Hall’s Brook.
Analyses of ground-water samples taken downgradient of the landfill (see Section 3.2)
performed for the City of Woburn reveal the presence of constituents of concern {e.g. lead,
manganese, zinc, VOCs). These compounds may potentially affect aquatic communities
located downstream of this drainage area.

Finally, the deposition of particulate from diesel and automobile exhaust, contributed by the

large volume of traffic (i.e., Route 93 and 128; industrial park activities), may contribute to

the burden of lead and PAH compounds in soil and sediment on and around the Site.
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4.4.4.4 Site-Related Impacts
Site-related impacts have already been reviewed (see Section 1.2). Based on this information
and the preliminary Site evaluation, the following were identified as sources of constituents
of concern for aquatic wildlife:

¢ arsenic pit (Lower South Pond);

* hide pile leachate (Lower South Pond); and

* metals in surface water, sediment, or ground water (see Section 4.4.6, Hazard

Evaluation).

4.4.5 Field Survey
The purpose of the Field Survey was to collect fish and benthic macroinvertebrates and to
assess the habitat at each preselected sampling station.

Fish were sampled qualitatively, using a gill net in deep water (greater than 5 feet) and a
portable backpackelectroshockerinshallowerwaters. Forlentichabitats, macroinvertebrates
were sampled quantitatively using a Petite Ponar Dredge or Ekman Grab Sampler. For lotic
habitats, macroinvertebrate sampling was performed using a Surber Sampler (a D-Net was

used if the flow rate was not sufficient to gather an adequate Surber sample).

Measurement of water quality parameters (D.O., pH, temperature, and conductivity) were
taken at each biological sampling station. These values are presented in Table 4.38. These
measurements generally agree with those taken during the GSIP RI surface-water investigation
and meet Massachusetts Surface Water Quality Standards for Class B waters (314 CMR 4.0).

Evaluation of habitat was performed according to USEPA guidance (USEPA, 1989f). Each
parameter was judged separately by two field biologists with experience in Rapid
Bioassessment Protocols. Scores from each person were then averaged and tabulated. A

complete summary of the field data is presented in Appendix G.

4.4.6 Hazard Evaluation
Methods for the development of the hazard evaluation (HE) were taken from the USEPA
guidance for the assessment of ecological impacts (USEPA, 1989b; USEPA, 1989¢). This

guidance suggests that all constituents of concern be addressed, but that certain criteria be
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used to determine whether a particular constituent be included or omitted from the risk
assessment. (This process is necessary to reduce the complexity of the document and to focus
on compounds that are likely to present the highest potential for risk.) These criteria include
the toxicity of the compound, frequency of detection, background concentration, environmental
persistence, mobility, fate and transport processes, and the quality of the data base. State
and Federal standards and criteria were also addressed.

In addition to these criteria, it is important to recognize that the ecological impact of a
chemical is directly related to the potential for an environmental receptor to be exposed to
it. Thus, the location of each constituent is assigned weight in the HE process.

Finally, the professional opinion of an experienced toxicologist was used to identify
inconsistencies in the data base, evaluate and compare available criteria, and to make the
final choice of "indicator chemicals” to be used in the risk assessment.

4.4.6.1 Data Evaluation

The first step in a human health risk assessment or ecological evaluation is the tabulation
and statistical evaluation of the chemical and physical data gathered during field investigations.
Because this initial data evaluation step is similar for both types of "risk assessments" {USEPA,
1989a, ¢, ¢}, they are combined in the present report.

4.4.6.2 Methodology
Tables 4.15, 4.16, and 4.17 identify classes of compeunds (metals, VOCs, and SVOCs,
respectively) and the media in which these compounds were detected. Criteria for the

elimination of each compound from the HE are listed for each constituent and each medium.

It is known that natural background concentrations of metals in surface waters and sediments,
with respect to the mean value, can generally vary from two fold to five fold (Shacklette and
Boerngen, 1984; Baudo, ef al. 2, 1990). Consequently, with regard to evaluating the metals
based on the Site area/reference area mean ratios, an arbitrary cutoff value of 2 was chosen

as a plausible threshold criteria.
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4.4.6.3 Surface Water

Metals

Of the metals detected in surface water, only antimony, arsenic, copper, chromium, lead,
manganese, and zinc have the potential to cause toxicity. Aluminum, barium, calcium, iron,
magnesium, potassium, and sodium were not considered in this assessment since they are

virtually non-toxic at the levels seen in surface water at the Site.

Beryllium, cadmium, mercury, nickel, selenium, thallium, tin, and vanadium were not detected
and hence are not considered in this EA. Antimony, cobalt, and silver were detected
infrequently and had mean site/relevance ratios close to 1 and were eliminated from

consideration in the EA.

The following metals were considered indicator compounds in surface water for inclusion
in the EA portion of the risk assessment:

* Arsenic

* Chromium

e Copper

e lead

¢ Manganese

e Zinc

Volatile Organic Compounds
Table 4.16 lists criteria used to assist in the constituent selection process for VOCs in surface

water. Generally, all VOCs concentrations are well below concentrations known to cause
acute or chronic effects in aquatic organisms {which are in the low mg/L range).
Consequently, VOCs will not be considered as constituents of concern in the EA.

Semi-Volatile Organic Compounds

Table 4.16 lists criteria used in the constituent selection process for SVOCs in surface water.
These compounds were also detected infrequently and at concentrations considered well below

those known to be of concern to aquatic flora and fauna.
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4.4.64 Sedintent

Metals

Table 4.15 lists criteria used in the constituent selection process for metals in sediment. Of
the metals detected in sediment, antimony, arsenic, barium, beryllium, cadmium, chromium,
copper, lead, mercury, manganese, nickel, selenium, silver, thallium, and zinc have the greatest
potential toinduce toxicity. Aluminum, calcium, cobalt, iron, magnesium, potassium, sodium,
tin, and vanadium were not considered since they are virtually non-toxic at the levels seen
in sediment at the Site.

There is only limited information available concerning sediment quality for beryllium, selenium,
and thallium. The Site/reference area ratio for all three was below 3.0 (Table 4.6) and the
distribution of the values was close (Table G-1B2) to the mean. Past studies have shown
that these metals are not predominant at the Site, therefore the presence of these compounds

at the Site would probably not present a problem for fish and benthic macroinvertebrates
in sediments.

The Site means for manganese, mercury, and nickel all fall below concentrations cited as
"non-polluted" using sediment criteria gathered by several authors (Baudo, et af., 1990). Mean
mercury, nickel, and silver sediment concentrations also fall within a range of concentrations
typical of average soil concentrations for the United States (Shacklette and Boerngen, 1984).
Speciation data for mercury, conducted by Radian Corporation, indicate that no significant
concentrations of organo-mercurials exist in surface water or sediment. Barium is typically
present in sediment complexed as the sulfate or carbonate, which is insoluble and virtually
non-toxic (USEPA, 1986). Given the above observations, it was decided that the elimination

of barium, manganese, mercury, nickel, and silver from consideration in EA was justified.

Consequently, the remaining constituents will be considered as indicator chemicals for the
evaluation of the metals in sediment:

¢ Antimony

* Arsenic

» Cadmium
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s (Chromium

e (Copper
¢ Jead
s Zinc

Volatile Organic Compounds

Sediment quality criteria only exist for VOCs. Ambient Water Quality Criteria (AWQC;
USEPA, 1986) suggest that aquatic organisms are not affected by most VOCs until water
concentrations reach 0.5 to 1.0 mg/L or higher. Additionally, it is known that VOCs will
usually partition to the organic phase of the sediment, (directly proportional to the percentage

of TOC). This appears to be the case at the Site, where sediment concentrations of VOCs
correlate fairly well with sediment concentrations of total organic carbons {TOC) (e.g. SW-6
and SW-9), VOCs were not considered as constituents of concern in this EA for the following
reasons:
» the concentrations of VOCs in sediment, with the exception of the Hall's Brook
Holding Area, are unremarkable;
» the concentrations of TOC are relatively high (greater than 5 percent); and

* no sediment quality criteria data exist for these compounds.

Semi-Volatile Organic Compounds

Table 4.16 lists criteria used in selection of SVOCs as constituents of concern in sediment.
Benzoic acid, butylbenzylphthalate, dibenzofuran, 3,3-dichlorobenzidine, 2,4-dinitrotoluene,
and N-nitrosodiphenylamine were detected infrequently (1 of 17 samples) and criteria are
not available for assessing the toxicity of the compounds to aquatic organisms. Toxicity
information is not available for bis(2-ethylhexyl)phthalate, diethylphthalate, acenaphthylene,
benzo(b)fluoranthene, benzo(g,h,i)perylene, benzo(k)fluoranthene, and indeno(1,2,3-cd)pyrene;
these compounds were not selected as constituents of concern. However, information is
available for Total PAH, and the aforementioned PAH compounds were considered in

evaluation of total PAH toxicity.

The following compounds were selected for evaluation in the EA:
* Anthracene

* Benzo(a)anthracene
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* Benzo(a)pyrene

» Chrysene

¢ Dibenzo(a,h)anthracene
¢ Fluoranthene

¢ Phenanthrene

¢ Pyrene
* Total PAH

4.4.6.5 Ground Water

Two locations were identified where discharge of ground water to surface water was evaluated
relative to the potential effects on aquatic receptors. The first location was used to assess
discharge of ground water to SW-17 (East Central Hide Pile). The second will be used to
assess the discharge of ground water into the Hall’s Brook Holding Area from the north,
(i.e., observation wells OW-12, OW-13, OW-17 and OW-18).

Metals

Based on current data, antimony, cadmium, chromium, lead, mercury, and nickel have
little propensity to move in ground water and thus will not be considered as a potential threat
to surface-water receptors. Bariumis found in all wells but would be considered to be virtually

non-toxic to agquatic organisms at the present concentrations.

Given their current mobility and toxicity, the potential effects of the following metals on
aquatic receptors were evaluated:

¢ Arsenic
+ Copper
e Zinc

Volatile Organic Compounds

Based on their current mobility and toxicity, the following VOCs were evaluated:
* Benzene

s Toluene
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Semi-Volatile Organic Compounds
SVOCs were found infrequently in ground water. However, most of the maximum values

detected were measured at OW-16, which is close to a segment of the Aberjona that is known
to be gaining water through ground-water discharge (SW-17). Therefore, only phenol will
be considered in the evaluation. Methylphenol(s) or benzoic acid will not be evaluated, as

AWQC are not available for these compounds.

4.4.7 Types and Numbers of Aquatic Receptors

Table 4.39 summarizes the species and number of fish collected at each biological sampling
station. No endangered or threatened species were caught or observed on-site or off-site
and none are expected to occur within the Study Area. All of the individuals identified are
"abundantly represented"” in the state of Massachusetts (Halliwell, 1984).

Based on the yield from electroshocking, American eels were the dominant fish species in
the Aberjona River. Golden shiners and Pumpkinseeds were caught or observed in all of
the ponds sampled, with the exception of the unnamed pond east of the East Central Hide
Pile (this pond was shallow (less than 2 ft) and did not yield any fish). Pumpkinseeds were
the dominant fish in Lower and Upper South Pond. A complete list of wildlife in this area,
based on observations by ESE, Wildlife Management Specialists, and Normandeau Associates,
Inc. is presented in Table 4.40.

Table 4.41 presents a summary of macroinvertebrates collected at each biological sampling
station, as well as the relative percent contribution of each family level (a complete record
of the data base in presented in Table G-1D, Appendix G). Chironomids (midges) and
oligochaetes (worms) were the dominant orders at most of the stations sampled. Aquatic
invertebrates representing families that are more intolerant to environmental stress (e.g.
mayflies [Ephemeropteral, stoneflies {Plecoptera), and caddisflies [Trichoptera], or EPT) were
rare, if found at all.

4.4.8 Potential for Exposure
Most fish and macroinvertebrates have the ability to avoid adverse environments by active
migration or by drifting. However, these movements may be limited in some habitats by

physical constraints such as dams or seasonal fluctuation in water levels.
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During periods of high flow, fish within the Aberjona River have relatively easy access to
Phillips Pond, the unnamed pond east of the East Central Hide Pile, the Hall’s Brook Holding
Area, and Hall's Brook. However, the southern section of the Hall’s Brook Holding Area
is shallow and the vegetation is dense, which may restrict larger species of fish from the main
holding area (adjacent to Digital) during dry periods when water levels may drop.

Fish within the Lower and Upper South Pond would only be able to migrate downstream,
as the presence of an elevated culvert, which spills into SW-17 at a height of approximately

2 feet above the surface of the stream, precludes the possibility of fish migrating into the
wetland.

44.9 Measurement endpoints

Endpoints calculated to assess the relative distribution and diversity of organisms include
taxa richness, total abundance, evenness, Shannon-Weaver Diversity Index, EPT Index,
Modified Family Biotic Index, and EPT/Chironomidae ratios.

Rapid Bioassessment Protocol II (RBP II) habitat scores were also calculated according to
USEPA guidance (1989f). These scores take into consideration the various components of
habitat that are conducive for a healthy aquatic community, e.g. type of substrate, stream
flow, presence of riffles, channel morphology, erosion, and vegetative cover. Scores canrange

from 0 to 135, with higher scores being indicative of quality habitat.

Taxa richness is the total number of genera represented within each sample, while total

abundance is simply the total number of individuals within each sample.

The modified Family Biotic Index (FBI) was originally developed for assessing how various

macroinvertebrate species are able to withstand or "tolerate” organic pollution. The FBI is
calculated as:
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Xt
FBI=}. 1

where,
x;= number of individuals within a taxon
t,= tolerance value of a taxon

n= total number of organisms in the sample.

Tolerance values range from 0 to 10 for families and increase as water quality decreases.
Thus, a higher FBI generally indicates an increase in the number and types of taxa that are

tolerant of organic pollution.

The Shannon-Weaver Diversity Index is probably the most commonly used metric for assessing
ecotoxicological effects. It is calculated as:

Shannon ~Weaver Diversitylndex =- X [%) Log, [%]

where,
n; = number of individuals per taxon and,
N = total number of individuals.

Concepts of species diversity and diversity indices have been well established in the literature
(Boudou and Ribeyre, 1989). In communities exposed to environmental stress or with
unfavorable habitat conditions, the indices are generally low (few taxa are present and there
usually is dominance by one or more taxon). In conirast, communities which experience better
water quality and a supporting habitat generally have indices that are relatively high (many
taxa are present and their numbers are equally represented). In short, a higher species
diversity generally indicates more favorable habitat and consistent water quality. Diversity
indices below 2 generally indicate ecological stress and/or unsuitable habitat. Valuesbetween
2 and 3 suggest moderate stress and habitat suitability. Values of 3 or greater indicate stable

environmental conditions and a healthy benthic community.

ASSOCIATES
ROUX INC MO06609Dy. 1Da.3r



-173-

Evenness, which is a measure of how well each taxon is represented as a portion of the total
taxa present, was also calculated because changes in this component can bias the results of
the Shannon-Weaver Diversity Index (Boudou and Ribeyre, 1989), especially within
depauperate communities. This metric is calculated as:

E- é’-—(ﬂ of taxa)

[

where:

H= Shannon-Weaver Diversity Index.

Evenness can range from 0to 1. Values that approach 1 indicate that all taxa are represented

in near equal numbers, and that no single taxa is dominant.

Another endpoint that can be helpful in the evaluation of community structure is the ratio
of various functional feeding groups (USEPA, 1989f). However, it was found that greater
than 99 percent of all of the insects collected for this assessment fell into the category of
filterers/collectors and that bioassessment scores generated from the use of this metric would
be the similar for all stations.

4.4.10 Characterization of Impacts

In the evaluation of the chemical data, a "toxicity quotient” method was used to assess the
relative impacts of each constituent of concern (ORNL, 1986). This is simply the ratio of
the measured or expected environmental concentration to a "benchmark" concentration (e.g.
AWQC or sediment quality criteria). If the ratio exceeds unity, there is an increased
probability that the constituent of concern may exert an adverse effect on the aquatic
community in the respective sampling area. However, due to the unique physical and chemical
nature of each site, ratio values falling below 1 do not necessarily imply that an impact will

not occut, nor does a value above 1 imply an adverse community response.
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44.10.1 Surface Water

Metals

Toxicity quotients for metals in surface water were generated by dividing the "in-stream" water
concentration for each metal by the respective AWQC. Table 4.42 presents the results of
this exercise, performed for both dissolved and total samples.

For both total and dissolved metals, none of the stations exceeded the current AWQC. SW-6
and SW-135 exceeded unity for manganese, using a literature-derived toxicity benchmark as
no criteria are currently available for this metal (Stubblefield and Patti, 1990). The waters
at the Site can be classified as "moderately hard". Since criteria for chromium, copper, lead,
and zinc are dependent on hardness (toxicity decreases as hardness increases) the chemistry

of the surface water at the Site appears to afford some protection to the aquatic community.

Although AWQC are met, it has been shown that mixtures of metals with individual
concentrations below that of the respective AWQC may still cause both acute and chronic
effects in aquatic organisms (Spehar and Fiandt, 1986). To evaluate each sampling station
with respect to the potential impacts from the mixture, each ratio was considered a "toxic
unit" and summed (see Section 4.4.12 for discussion of uncertainty). The results indicate that,
if adverse effects were to occur due to the combined effect of the metals, the stations with
the greatest probability of adverse impact to the aquatic community are located in the New
Boston Street and Hall’s Brook drainage area (SW-6, SW-7, SW-9, SW-11, SW-13, SW-14,
and SW-15).

44.10.2 Sediment

Metals

Toxicity quotients for metals in sediment were generated by dividing the sediment
concentration for each metal by the respective Effects Range-Low (ER-L) and Effects Range-
Medium (ER-M) described by Long and Morgan (1990). These values were derived by
reviewing field studies that have correlated sediment concentrations of toxic compounds with
adverse effects on the benthic community. The studies were then ranked in order of increasing
criteria concentrations, with the 10™ and 50 percentiles designated as the "Effects Range
- Low" (ER-L} and "Effects Range - Median" (ER-M), respectively. The ER-L represents

a concentration where subtle effects on the benthic may start to become evident, while the
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ER-M generally represents a concentration above which effects may frequently be seen in
the benthic community. It is important to note that sedimeat criteria have not yet been
formally developed by USEPA and that these values were used for lack of any other available
information. Also, many of the values were derived from marine studies and may not be
suitable with respect to the evaluation of freshwater environs. Section 4.4.12 presents a
discussion to the limitations of the use of these values.

Table 4.43 presents the toxicity quotients generated for assessment of metals in sediments.
The selection of SW-1, SW-3, SW-4, and SW-8 for reference stations appears to have been
appropriate, as the metal concentrations generally do not exceed concentrations considered
unfavorable toward benthic invertebrates. As seen with surface water, stations close to the
proximity of areas targeted for remediation (e.g. Hall's Brook Holding Area, Lower South
Pond, and New Boston Street Drainway) exceeded NOAA sediment quality values, while
metal concentrations decrease as one moves further downstream (e.g. SW-5, SW-12, SW-14),
As discussed in Section 4.4.6.4, the sediment characteristics within the Hall’s Brook Holding
Area are unique in that they have a large percentage of fines and thus a greater concentration
of metals per unit weight. This is primarily due to the fact that this wetland serves to decrease
water velocity, allowing the finer suspended particulate to settle out. The wetlands, south
of the holding area and north of the Woburn Mall, also serve to decrease surface-water flow,
especially during the spring when water levels are high.

A correlation matrix (Appendix G) was constructed to determine the relationships between
the various water quality parameters and measurement endpoints developed for the Site.
This table shows that there are some statistically significant, positive correlations between
most of the trace metals in sediment. After adjustment for normality and grain size, arsenic
was found to correlate strongly (r > 0.70; p = 0.001) with chromium, copper, lead, and zinc.
Aluminum, barium, calcium, cobalt, copper, iron, vanadium, and zinc were also found in
proportion with most of the trace metals.

Volatile Organic Compounds
In general, VOCs are not environmentally persistent compounds and, as a class do not pose

a significant threat to aquatic biota unless present at substantial concentrations (i.e., greater

than 1 mg/kg). Maximum values of VOCs were found in sediment samples with relatively
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high percentages of TOC, which allows even less of the constituent to become available to
the organism and cause an effect. Therefore, VOCs were not considered in the evaluation

of sediment quality at the Site.

Semi-Volatile Organic Compounds

Toxicity quotients, along with cited ER-L and ER-M values for PAH compounds, are presented
in Table 4.44. As seen with VOCs, PAH compounds have a very strong affinity for organic
matter, and stations with increased TOC saw a concomitant increase in PAH. It is important
to note that, although toxicity quotient exceeded unity, the presence of large amounts of TOC
may decrease bioavailability and consequently the risk to benthic infauna.

Unlike the metals, there is no trend in the data that suggests an identifiable source for the
PAH compounds. However, it is not uncommon to see concentrations of PAH as high as
100 mg/kg or more in sediments that receive water from industrial areas (Neff, 1984). Likely
sources include the MBTA railroad tracks (asphalt, treated railroad ties), drainage from paved
areas, runoff containing petroleum products from trucking operations, and atmospheric
deposition of diesel exhaust. It was also observed that the interior of the galvanized culverts

are coated with a tar-like substance, which may contain high concentrations of PAH.

44.10.3 Ground Water

Based on conclusions of the ground-water studies (Section 3.0), it was determined that some
constituents of concern in ground water may pose a risk to surface-water receptors through
discharge from the aquifer. The contribution of each constituent from ground water to surface
water was performed by:

e calculating a mean value, based on the concentration of each constituent in OW-12,
OW-13, OW-17, and OW-19 for the Hall’s Brook Holding Area, and OW-16 and
OW-22 for the Aberjona River;

e calculating a net ground-water flux into the Hall’s Brook Holding Area and the
Aberjona River from available hydrologic data and an assumed cross-sectional area;
and

e determining an “in-stream" concentration of each constituent of concern based on
1 and 2.
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Once the "in-stream" concentration is known, it can be compared to available AWQC and
a toxicity quotient can then be calculated. For the Aberjona River, future in-stream
concentrations were estimated as the current mean ground-water concentration in the vicinity
of the river. Inherent in this calculation are the assumptions that the ground water near the
Aberjona is the source of chemicals in the stream, and low flow conditions exist in the stream
such that dilution due to surface-water runoff is negligible.

For the Hall’s Brook Holding Area two different methods were used to estimate future
in-streamconcentrations. Metals concentrations were assumed to equal current ground-water
concentrations. This assumes that ground water discharging into the Hall's Brook Holding
Area are the sources of in-stream metals and ignores dilution with surface runoff (Hall’s
Brook). The concentrations of benzene, toluene, and phenol were estimated as one-tenth
of the current ground-water concentrations, based on dilution with low-flow surface-water
discharge into the Hall’s Brook Holding Area. This also assumes that the source of these
organic constituents is ground water discharging into the Hall's Brook Holding Area.

Metals

Table 4.45 presents the current and expected in-stream concentrations for arsenic, copper,
and zinc. The toxicity quotients are also presented, with criteria for copper and zinc based
on an average hardness of 92.9 mg/L for the Hall’'s Brook Holding Area and 130 mg/L for
the Aberjona River. All of the toxicity quotients fell below 1.0, indicating a low probability
that an adverse impact to aquatic receptors would occur as a result of the contribution of
metals from ground-water discharge.

Volatile Organic Compounds
Table 4.45 presents the current and expected in-stream concentrations for benzene and

toluene. The toxicity quotients are also presented. All of the toxicity quotients fall below
unity, indicating a low probability that an adverse impact to aquatic receptors would occur

as a result of the contribution of VOCs from ground-water discharge.
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Semi-Volatile Organic Compounds

Table 4.45 presents the current and expected in-stream concentrations for phenol. Calculated
toxicity quotients fell below unity, indicating a low probability that an adverse impact to aquatic

receptors would occur as a result of the contribution of SVOCs from ground-water discharge.

44.104 Fish

Sampling of fish was performed to determine if any sensitive, threatened, or endangered
species exist at the Site. The types of fish collected range from "intermediate” to "tolerant”
in their ability to withstand adverse environmental conditions (USEPA, 1989f). Also, an
external and internal examination of some of the larger individuals collected showed no gross
abnormalities (e.g. humpback) or pathological lesions (e.g. tumors). Photographs of individual

fish sampled from each station are presented in Appendix G.

The hydrology of both the Lower and Upper South Pond is such that the waters get quite
shallow and warm during the summer months, allowing only the more tolerant warm water
species to survive. These ponds also have an abundant population of Eastern Painted and
Common Snapping turtles (Eastern Painted turtles were also seen in the pond east of the
East Central Hide Pile).

Although only one fish (a Golden shiner) was caught in the Hall's Brook Holding Area, several
schools of Pumpkinseeds were observed at BS-13 during surface-water flow measurements.
An interview with one person fishing this area revealed that adult Largemouth bass also inhabit
the area. Phillips Pond is also fished on occasion and appears to support a healthy community
of Largemouth bass.

American eels were caught as far north as BS-12 and BS-5, but were not collected.

Pumpkinseeds were observed at BS-5 during surface-water flow measurements.

4.4.10.5 Macroinvertebrates
Measurement endpoints for each station sampled at the Site are presented in Table 4.46.
The relative contribution of each family, as a percent of the total number per station, is

presented in Table 4.41. Locations of biological sampling stations are illustrated in Plate 1.
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Lentic habitats (ponds) were dominated almost exclusively by chironomids (midges) and
oligochaetes (worms) which prefer standing or slow moving water and muddy substrate.
Because of depth, location, and type of habitat, Phillips Pond and the deep, ponded section
of the Hall’s Brook Holding Area did not have suitable reference stations for comparison.
Both have been designed and constructed for flood control and have habitat typical of
reservoirs (steep banks with poor vegetative interspersion and virtually no littoral zone).

The macroinvertebrate community for Phillips Pond, with an average depth of about 6 feet
and a fairly consistent dissolved oxygen profile, might be considered typical of this type of
environment. Based on the results of the physical, chemical, and biological data and
observations taken during the field survey, it can be concluded that this pond does not appear
to be adversely affected by the Site.

Samples taken from the Hall’s Brook Holding Area indicate that this pond has a poor
macroinvertebrate community. The Hall’s Brook Holding Area, with an average depth of
approximately 15 feet, had a stratified dissolved oxygen profile, with benthic conditions being
virtually anoxic (less than 0.5 mg/kg D.O.). The mean percentage of TOC for the three stations
within this area (SW-9, SW-11, SW-13) pond was 15 percent. This content of TOC (and fines)
would tend to indicate the presence of a rich microbial community, consequently increasing
the sediment oxygen demand and decreasing the oxygen content of the overlying water
column. These conditions, in addition to the presence of constituents of concern (e.g. metals)
that have migrated from the Site, may explain the virtual absence of benthic fauna at these

stations.

Samples taken in ponds north of the Lower South Pond spillway (BS-22 and BS-23) can be
compared against samples taken in the Lower South Pond (BS-1A, BS-1B, and BS-1C) and
the pond west of the East Central Hide Pile (BS-24 and BS-25). Both upstream and
downstream stations had similar numbers of taxa, although total abundance was lower for
the downstream stations. With the exception of BS-24, Shannon-Weaver Diversity Indices
were also lower for the downstream stations. Based on the data, it appears that there may
be an impact on stations located in Lower South Pond. However, these results may be
substrate-specific, as the stations in Lower South Pond were essentially dominated by
chironomids, with few oligochaetes present.
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Lotic habitats (flowing water) also had a large proportion of dipterans (flys and midges) and
oligochaetes (worms) (Table 4.46). Reference stations located upstream of the Site (BS-3,
BS-4, BS-22, BS§-23, BS-18, BS-19, BS-20, BS-21) generally had a greater number of taxa than
downstream stations (Table 4.41). Although pollution-sensitive families (EPT Index) were
found more frequently upstream of the Site, their numbers were low at all stations. A large
proportion of those that were found in appreciable numbers were identified as Hydropsychidae,
which are known to be the more tolerant genera (i.e., able to withstand adverse conditions)
of the caddisfly family (Clements, 1990),

Shannon-Weaver Diversity Indices were less than 2 for both upstream and downstream stations.
This is most likely due to the fact that these small headwater streams are generally
unproductive, the impact of non-point sources (e.g. pollutants in storm drain effluent, Plate 14)
may prohibit the establishment of a healthy macroinvertebrate community, and the paucity
of adequate habitat due to the restructuring of the stream channels. Relative to the reference
stations, the diversity indices for BS-7, BS-15, and BS-17 were low, indicating a possible

community disturbance.

The biological condition of most stations was also evaluated using the Rapid Bioassessment
Criteria (Protocol II) developed by USEPA (USEPA, 1989f). Measurement endpoints(Table
4.46) are assigned a score, usually based on the ratio to a given reference site, and the scores
for each station are added. The total score for the reference site is then compared to the
total score for the non-reference site. The ratio of the total scores (non-reference/reference)
is then calculated and the station is given the following classification based on the result:

* Non-impaired = greater than 79 percent of the reference score;

*-  Moderately impaired = 29 to 79 percent of the reference score; or

e Severely impaired = less than 21 percent of the reference score.

Results of this evaluation are presented in Table 4.47 (metrics are given in Table 4.46, percent
contribution of dominant family was taken from Table 4.41: community loss indices were
calculated directly from Table G-1D, Appendix G). Stations BS-7 and BS-15 were classified
as "severely impaired”, and stations BS-6 and BS-17 were near the lower range of "moderately

impaired”. The remaining stations were "moderately impaired".
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These results are consistent with field observations, which indicate that the New Boston Street
Drainway is severely stressed due to a heavy accumulation of iron precipitate. BS-2 and BS-7
also appear to be stressed due to the presence of leachate. One cannot, however, ignore
the contribution of habitat. RBP II habitat scores are quite low for BS-2, BS-6, BS-7, BS-15,
and BS-17, primarily due to the fact that the substrate in these areas is mud, the stream flow
is less than 1 cfs, and the banks are unstable. Section 4.4.12 discusses limitations of this
analysis.

A correlation (Pearson’s) matrix of the log transformed data (adjusted for grain size) was
constructed (Appendix G, Table G-1E) to evaluate specific relationships between measurement
endpoints for the EA (BS-1 through BS-17 only) and chemical/physical parameters determined
at each station. Habitat scores (which are generated qualitatively from field observations)
were positively correlated with Shannon-Weaver Diversity Indices, indicating that an increase
in the quality of the environment may generally increase the quality of the aquatic
macroinvertebrate community. None of the potentially toxic metals in surface water showed

any statistically significant correlations with functional endpoints.

Because of the low productivity of these streams and the predominance of the Chironomidae
(midges), it was decided to further evaluate this family for the presence of tolerant and
intolerant individuals. Table 4.48 presents the taxonomic evaluation and enumeration of the
Chironomidae for four upstream (BS-4, BS-18, BS-19, and BS-21) and four downstream (BS-1C,
BS-10, BS-14A, and BS-14B) stations. In terms of taxonomic range, the highest community
diversity generally occurs above the discharge site, indicating a possible ecological impact.

Chironomus sp., which are commonly associated with standing or slow moving water, are found
almost exclusively at BS-1C, probably reflecting suitable substrate and water flow conditions
more than opportunistic habitation. Cricofopus bicinctus, a very adaptable and opportunistic
species, appears in diverse, well-balanced communities but becomes dominant when various
stresses restrict other, less tolerant species. This species is especially immune to metals and
other toxic wastes, It has been shown to withstand electroplating wastes and crude oil and
has a wide range of tolerances for pH, nutrients, and habitat type (Sheehan and Winner, 1984;
USEPA, 1989f). This species is present at all stations, but tends to predominate below the
Site, suggesting a Site-related stress that may be reducing or eliminating less tolerant species.
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While counts were often small, and therefore preclude valid statistical analysis, it can be said

that all taxa identified as sensitive to environmental stress (e.g. Diamesa, Paratendipes sp.)

are restricted to above-site stations, whereas tolerant species are found both above and below

the Site.

4.4.11 Conclusions

Based on the data and the above analysis, the following conclusions can be reached.

ROUX ASSOCIATES INC

No threatened or endangered species have been observed at the Industri-Plex Site.
Fish species caught within the Study Area are commonly found in the waters of
Massachusetts. The only species of economic importance is the Largemouth Bass.
Internal and external examination of individual fish showed no gross abnormalities.
Sensitive macroinvertebrate species are present upstream, but not downstream, of
the Site. Although tolerant macroinvertebrate species are present at both upstream
and downstream stations, the proportion of opportunistic species is greater
downstream. The differences in the structure of these communities are most likely
a result of Site-related impacts.

Based on the chemical, physical, and biological data, the New Boston Street Drainway
and the Hall's Brook Holding Area would, relative to the other stations, pose the
greatest degree of risk to the aquatic community.

- Impacts seen at BS-6, BS-7, and BS-15 (New Boston Street Drainway) may partly
be a result of the presence of metals and metal precipitate (iron and manganese
oxides), which are emanating from the Woburn Landfill. The habitat at these

stations is also inadequate to support a healthy macroinvertebrate community.

- Sampling stations BS-9, BS-11, and BS-13 (Hall's Brook Holding Area) are
essentially depauperate communities. This could be a result of adverse
environmental conditions (benthic anoxia, poor substrate), an adverse response
to constituents of concern in the sediment, or a combination of both.

Reduced leachate emanating from the East Hide Pile may be influencing the

macroinvertebrate community at BS-17. Oxidation of the leachate contributes to

the chemical oxygen demand observed at SW-2.
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e Asfoundinthe RI/FS (Roux Associates, 1983;1984), antimony, beryllium, cadmium,
cobalt, mercury, nickel, selenium, silver, tin, thallium, and vanadium were not detected
in any surface-water samples. Chromium, copper, and lead were slightly soluble, being
detected only in the total samples. Zinc appears to be the most soluble metal in
surface water.

* Metal concentrations in surface water are well below the levels necessary to cause
acute toxicity. If ecological effects are due to metals, it is probable that the impact
would be the result of the combined, chronic effects of the commixture.

¢ Aquatic impacts as a result of VOCs in sediment and surface water are, in all
liketihood, negligible. Concentrations of PAH's in sediment may pose some risk at
SW-11, SW-12, SW-13, and SW-15.

e Based on current hydrologic data, no impacts to the aquatic community would be
anticipated as a result of the influx of constituents of concern from ground water
into surface water.

e Diversity indices were less than 2 for all biological sampling stations. This is partially
due to the fact that small headwater streams are naturally unproductive (USEPA,
1989f). Putative, non-site related impacts, such as non-point source pollution
(stormwater runoff from residential and industrial areas, Route 93 and 128), the
alteration of the habitat by diking and channelization, and lack of adequate benthic
substrate and input of coarse particulate organic matter, may also contribute to the

poor insect diversity seen at both upstream and downstream stations.

4.4.12 Significance of Impacts to the Water Resource

Based upon the information developed in this study and data obtained from past investigations
(WMS, 1986; Normandeau, 1990), this section evaluates the Study Area on a broader context
and describes how it relates to the surface-water resource and its intended use.

Aberjona River

It appears that much of the intended use of the Aberjona River (within the Study Area), as
it exists today, is to control the flow and direction of the river to accommodate the
requirements of the industrial park. Within the Study Area, much of the non-site related
impact to the river is due to past alterations and current stresses imposed on it by development
pressures.
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One of the major concerns which prompted an ecological assessment at the Site was the
potential migration of constituents from the Site downstream and the effects they might have
on the fishery resource. This concern may be alleviated based on the following considerations:
¢ the Aberjona River supports a viable fish population within the limits of the Study
Area;
¢ consistent with findings of the RI/FS (Roux Associates, 1983; 1984), most metals
show little propensity to mobilize from soil or sediment into surface water. Those
that do {e.g. zinc) show little potential for inducing toxicity due to the natural hardness
of these waters;
* potential impacts due to suspended sediment are greatly diminished by the presence
of wetlands, constructed for flood-control, which function to decrease flow and settle
out particulate matter; and

e biologically persistent constituents (pesticides, organo-metals) were not detected.

Given these observations, and the fact that metals in sediment decrease markedly as a function
of distance from the Site (Figures 11, 12, and 13), the opportunity for impact to the fishery
resource of Upper Mystic Lake is negligible.

It does appear that a portion of the stream may be affected in the vicinity of the East-Central
Hide Pile, probably due to the presence of leachate. However, the contribution of this
leachate to the volume of the Aberjona is small (zero to one-sixteenth of the volume measured
at SW-14), and does not appear to have an effect on the resident fish population below the
Study Area.

Lower South Pond

This pond is currently targeted as an area for remediation, and discussion of impacts can
be limited. Because of direct contact of surface water with metal containing soils and Hide
Pile residues, it may serve as a potential source of constituents of concern to the Aberjona

River.
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This wetland provides suitable habitat for various wildlife, and the presence of these potential
sources do not appear to deter fish or reptiles. Its function and value as a water resource
would be enhanced by a combination of the planned remedial action and wetland mitigation

measures.

Hall’s Brook Holding Area

This area, ponded to the north and deep marsh wetland to the south, was altered to serve
as a flood retention basin. Due to the manner in which it is constructed, the ponded area
will never be a productive wetland. It is bordered by industries, railroad tracks, and a utility
easement, and the profile of the basin accentuates anoxic conditions. Inshort, it was designed

as a flood retention reservoir and is functioning as such.

The deep marsh to the south, also intended as a flood retention area, is more productive
due to the presence of vegetation. It provides cover for nesting birds and slow, shallow waters
for small fish and invertebrates.

Both wetlands serve to contribute much toward the renovation of surface water draining from
the New Boston and Atlantic Avenue Drainways. The deeper waters of the Hall’s Brook
Holding Area allow siltation of fine suspended sediment, while the shallow waters of the deep

marsh to the south replenish the surface waters with oxygen.

In summary, it can be said that, although the Site has obvious sources of constituents that
may potentially degrade the water resource, current conditions (e.g. water chemistry, hydrology)
appear to minimize the magnitude of the impact. Furthermore, the nature and location of
these waters limit their value to wildlife.

4.4.13 Limitations of Analysis

The most difficult task in the evaluation of ecological data is trying to delineate which effects
are due to the Site and which can be attributed to habitat or non-site related impacts. As
mentioned previously, the Aberjona and its tributaries have been altered for the purposes
of controlling the watershed within the industrial park. The destruction of available habitat,
as well as the impacts of non-point sources associated with the large amount of development

(e.g. road salt in stormwater runoff) contribute the largest degree of uncertainty to this EA.
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Evaluation Using RBP

Evaluation of biological conditions and impacts using methods developed by the USEFPA (RBP
II) are effective in identifying stations of concern. However, the RBP used for this assessment
is not wholly appropriate for the following reasons. First, two of the eight metrics rely on
the presence of pollution-sensitive orders (Ephemeroptera, Plecoptera, and Trichoptera).
Individuals representing these families were rarely abundant and, if so, were composed of
taxa that are known to be tolerant of adverse environmental conditions (i.e., hydropsychid
caddisflys). Secondly, the numbers and distribution of insects in this study precluded the use
of the Functional Feeding Group metrics. Thirdly, the calculation of Family Biotic Index
is most useful for the evaluation of impacts from organic wastes, and is not considered
appropriate for the evaluation of impacts from inorganics. In short, although the results of
the RBP II did illuminate impacted stations, it may be somewhat insensitive, due to the nature
and distribution of the types of organisms collected, in the characterization of other stations

as "moderately impaired”.

Use of ER-L and ER-M Values

Comparison of the sediment concentrations of particular constituents at the Site with ER-L

and ER-M values has a large degree of uncertainty associated with it due to the following
reasons:

e impacts from constituents of concern in sediment are primarily a function of
bioavailability, i.e., how much of the chemical will an organism be able to absorb
to induce a toxic effect. This parameter is Site-specific and cannot be predicted;

* ER-L and ER-M values are almost exclusively based on marine studies, which limit
their applicability for the evaluation of impacts within the fresh water habitat of the
Aberjona watershed;

¢ values cited in Long and Morgan (1990) are based on effects seen in benthic
substrates which contain a mixture of compounds. Thus, effects for individual
constituents may be biased due to the presence of compounds other than that of the
constituent in question; and

e measurement end points between each study are not consistent.
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Use of AWQC to Evaluate Effects of a Mixture

Toxicity quotients were calculated for each metal (based on AWQC) and summed (within
each station) to determine the potential impact of the mixture. This addition of "toxic units"
was performed to evaluate each station’s contribution of "risk" relative to other stations at
the Site. Since each metal has a different mechanism of toxicity, the method helps to eliminate
bias in evaluation of potential effects of the mixture. However, it is important to note that
AWQC are usually derived by conservative methods, i.e., selecting the lowest concentration
which had an adverse effect on the most sensitive species. Also, water-quality parameters
(e.g. pH, D.O.) have a large influence on toxicity. These parameters affect bioavailability
and, like sediment parameters, are highly site-specific. Finally, the summation is, by itself,
meaningless. A summation greater than 1.0 does not indicate an exceedance of available

AWQC, nor does it indicate that the occurrence of an adverse effect is possible.
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5.0 SUMMARY AND CONCLUSIONS

The following sections summarize findings and conclusions of the GSIP RI. These conclusions
incorporate an evaluation of hydrogeologic, stream-sediment and soils data developed during
the PDI. In addition, this section provides a discussion of the limitations of the data developed
during the GSIP RI and recommended remedial action objectives.

The nature and extent of inorganic and organic constituents, the fate and transport of these
constituents and results of the risk assessment are summarized in this section. The summary
in this section is based upon the results of the GSIP RI field investigations and results of
the metals mobility and risk assessment tasks.

5.1 Nature and Extent of Inorganic and Organic Compounds

The nature and extent of inorganic and organic compounds were determined through collection
and analysis of ground-water, surface-water, and stream-sediment samples during the GSIP
RI program. In addition, ground-water and stream-sediment data, developed during the PDI,
were evaluated to provide a comprehensive understanding of the nature and extent of inorganic

and organic compounds in these media.

5.1.1 Ground Water
The following areas of impacted ground water were identified based upon results of the
ground-water sampling conducted during the GSIP RI:

* benzene at the east flank of the West Hide Pile and in the area just south of Atlantic
Avenue;

¢ toluene upgradient of well OW-16, north of the trailer compound, and in the area
just south of Atlantic Avenue;

» dissolved arsenic downgradient from the West Hide Pile, East-Central Hide Pile,
and South Hide Pile, with discharges of dissolved arsenic from the South Hide Pile
into Hall’s Brook Holding Area (Figure 8); and

* dissolved chromium downgradient from the West Hide Pile and the East-Central
Hide Pile (Figure 9).
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Ground-water flow patterns and the orientation of the plumes are controlled by the geologic
conditions (i.e., the data developed during the GSIP and PDI programs) which indicate that
the west and east branches of the minor, on-site buried valleys merge into a single, more
deeply incised main buried valley near Observation Wells OW-18A/0OW-18B and OW-17,
and the Hall’s Brook Holding Area.

5.1.2 Sewers
Sampling of the Town of Reading and City of Woburn trunk sewers demonstirated that

concentrations of organic and inorganic compounds are not higher in the downstream samples
than in the upstream samples.

5.1.3 Surface Water

A comparison of the types of organic and inorganic constituents detected near the upstream
Site boundary, on-site, and downstream of the Site indicates that the compounds present in
the upstream samples differ from those detected on-site, and downstream. The maximum

concentrations of the eight organic compounds detected in surface-water samples collected
upstream of the Site are listed below:

Bis(2-ethylhexyl)phthalate 5.0 pg/L

Chlorobenzene 2.0 pg/L
1,2-dichloroethane 6.0 ug/L
di-n-butylphthalate 4.0 pg/L
Methylene chloride 7.0 ug/L
Phenol 1.0 ug/L
Toluene 2.0 pg/L
Trichloroethene 6.0 ng/L

Chromium and lead were detected in the upstream samples at maximum concentrations of
62.6 and 8.6 ug/L, respectively.

Three organic compounds were detected in surface water on-site. Methylene chloride, bis(2-
ethylhexyl)phthalate and di-n-butylphthalate were detected on-site at concentrations of 7.0,

6.0 and 4.0 ug/L, respectively. These concentrations are similar to constituent concentration
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in the upstream Site boundary area. Benzene and toluene were not detected in surface water
on-site. Maximum concentrations of arsenic, chromium, and lead detected in Site surface
waters were 40.6, 30.3, and 6.3 ug/L, respectively. Organic compounds detected in
downstream, off-site surface waters include chlorinated VOCs, methylene chloride, phthalates,

and n-nitrosodiphenylamine.

5.1.4 Stream Sediments

Chlorinated VOCs, phthalates and PAHs were detected in upstream, on-site, and downstream
sediment samples. Toluene was detected in upstream sediment samples, but not in on-site
or off-site samples. Benzene was detected in downstream and upstream samples, but was
not detected on-site. A similar suite of metals was detected upstream of the Site as was

detected on-site, and downstream of the Site.

A two order of magnitude decrease in organic and inorganic constituent concentrations from
SW-9 (the north end of Hall’s Brook Holding Area) to SW-14 (the Aberjona River just north
of Mishawum Road} indicates that the Hall’s Brook Holding Area is trapping organic and
inorganic constituents transported (on fine-grained sediment) from upstream, and preventing

downstream migration of this sediment.

52 Fate and Transport

The fate and transport of organic and inorganic compounds within the Study Area are depicted
on Overlays 1 through 4 (Please note that the overlays should be turned from right to left).
Overlay 1 shows the geometry of the unconsolidated aquifer which controls ground-water
flow patterns and, as a result, the transport of inorganic and organic compounds. Ground-
water elevation contours and flow directions for May 13, 1991 are plotted on Overlay 2.
Although the location of the water-level elevation contours changed throughout the year,
the ground-water flow patterns have essentially remained the same. Overlay 3 displays the
areal extent of arsenic, benzene and toluene in ground water while Overlay 4 outlines arsenic
and benzene found in stream sediments within the Hall's Brook Holding Area. These overlays
indicate the extent of migration from the Site through surface-water and ground-water

pathways.
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5.3 Metals Mobility

During the 1984 RI/FS, metals were detected in ground water but not to the extent that
identifiable plumes could be mapped. During the PDI and GSIP RI investigations, two
arsenic/chromium plumes were identified, one migrating away from the East-Central Hide
Pile and another moving downgradient from the West Hide Pile. A conceptual geochemical
model explaining the recent mobility of arsenic and chromium was derived from literature
reports on the geochemical behavior of arsenic and chromium, and a thorough evaluation
of site-specific geochemical data. In summary, the unique juxtaposition of anaerobically
decaying hide residues, and metals-containing soils resulting from the placement of the hide
piles in the late 1970s, created the conditions that allowed the formation of mobile metals.

Ground-water conditions below the hide piles are strongly reducing. Under reducing
conditions, infiltration of precipitation through metal-containing soils and hide residues leaches
arsenic and chromium. Through microbial activity, these metals form organic complexes which
are even more mobile in ground water than their ionic forms. As these complexes move from
reducing to oxidizing zones with ground-water flow, geochemical reactions occur which
decrease the mobility of these metals, primarily by precipitation/sorption reactions. Chromium
mobility decreases faster than arsenic mobility because it more readily complexes with iron
hydroxides. However, arsenic precipitates and becomes immobilized as evidenced by the
fact that, in areas of the Site where ground-water conditions are oxidizing, arsenic
concentrations are less than 50 ug/L.

5.4 Risk Assessment

5.4.1 Human Health Evaluation
Substantial differences exist in the potential health impacts of the Site, depending upon the
exposure scenario considered. Differences also exist in the certainty associated with the

scenarios and the level of conservatism applied to each analysis,

Five exposure scenarios were analyzed which may apply to present or potential future use
of the property. Of these analyses, only one, ingestion and household use of drinking water
from a domestic source, produced estimated risks of greater than 1 in 100,000. The estimated

risks for this improbable exposure scenario ranged between 107 to 10 for average constituent
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concentrations and 107 to 10® for maximum constituent concentrations. Analysis of risks
for a more reasonable exposure, such as consumption by an industrial worker, yielded a lower
range of risk. As municipal water is available from other sources, both scenarios are
considered a potential future use.

Estimated risk levels for uses of surface waters, such as fishing, swimming, and sediment
contact, ranged from 10 for wading, swimming, and sediment ingestion to 10* for fish

ingestion. The probability of such exposures occurring are, at present, very low.

The results of the risk characterization are summarized below.

SCENARIO CANCER RISK HAZARD (additive)
Average | Maximum Average | Maximum
Ingestion of Ground Water 6.0E - 05 49E -03 6.30 36.00
Ingestion of Fish 1.OE - 06 3.6E - 06 0.02 0.06
Wading in Lower South Pond 1.3E - 05 NA 0.01 NA
Swimming in HBHA (child) 6.2E - 05 NA 0.06 NA
Ingestion of Sediment (SW-16) | 4.0E - 05 NA 0.22 NA
NA Maximum concentrations are not encountered during contact with surface
gzrlltl(;r.one sample taken at SW-16; no maximum value available.
| HBHA = Hall's Brook Holding Area

5.4.2 Ecological Evaluation

All stations evaluated showed signs of environmental stress, a combined result of both
destruction of habitat and non-point impacts associated with development of the area. Based
on the results of the physical, chemical, and biological data, acute Site-related effects were
confined to the New Boston Street Drainway and West Branch (East and East-Central Hide
Pile) of the Aberjona River. Depauperate communities within Hall’s Brook Holding Area
cannot be attributed solely to chemical impacts of the Site, as benthic conditions were anoxic.

Internal and external examination of individual fish showed no gross abnormalities.
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5,5 Data Limitations and Recommendations for Future Work

A GSIP RI Phase 2 Work Plan addressing Phase 1 data gaps will be submitted to the USEPA
and MDEP within 30 days of submittal of this document.
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Table 3-1. Well Construction Data at the Industri-Plex Site, Woburn, Massachusetts.
Elevation of
Total Depth Elevation of Elevatjion of Seresned Total
of Well Measuring Polnt Bottom Stickup Interval (2) Length of

Well Field Well Diameterf (ft below (ft above mean (ft relative to (ft above land {ft relative to Type of Screen
Number Program (1) Well Material land aurface) sea lLevel) mean sea level) surface) mean sea level} Formation (fr)
oW-1 RI/FS 6" steel 108.03 B80.32 ~28.60 0.89 55.40 -~ -28B.60 bedrock 84.00
OW-1A RI/FS 4" PVC 24.32 79.72 54.89 0.51 74.89 - 54.89 total unconsclidared 20.00
OW-4 RI/FS 6" steel 42.76 T1.54 27.82 0.96 47.82 . 27.82 bedrack 20.00
OW-6 RI/FS 4" PVC 16.85 62.67 45.82 0.00 535.82 - 45.82 top unconsolldated 10.00
OW-7 RI/FS 4" PVC 31.49 57.88 25.74 Q.65 55.74 - 25.74 total unconsolidatred 30.00
oW-3 RI/FS 6" steel 127.31 68.88 ~60.06 1.63 34.9 - -~60.06 hedrock 95.00
oW-10 RI/FS 4" PVC 31.42 64.63 32.41 0.80 62,41 - 32.41 total unconasollidated 30.00
oW-11 RI/FS 4" PVC 41.11 71.22 28.90 1.21 68.90 - 28.90 total unconsolidated 40,00
oW-12 RI/FS u" PVC 50.67 63.74 11.9% 1.08 51.99 - 11.99 total unconsalidated 40.00
QW-13 RI/FS 4" PVC 32.15 64,99 32.84 0.0 57.84 - 32.84 total unconsclidated 25%.00
OW-14 RI/FS 4" pPvC 47.39 65.54 17.04 1.11 62.04 -~ 17.04 total unconsolidated 45.00
oW-15 RI/FS 6" steel 25.82 54.60 38.29 0.49 58.29 - 3B.29 total unconsalidaced 20.00
ow-16 RI/FS 4" PVC 35.82 67.29 30.31 1.15 50.31 - 30.31 basal unconsolidated 20.00
oWw-17 RI/FS 4" PVC 25.27 57.86 311.54 1.65 51.54 - 31.54 total unconsolidated 20.00
0W-18 RI/FS &" PVC 55.15 62.76 7.30 0.31 47.30 - 7.30 basal unconsolldated 40.00
OW-184A RIfFS 4" PVC 15.20 52.08 46.11 0.77 56.11 - 46.11 rop unconsolidated 10.00

NOTES:
(1) GSIP = Well ilnstalled as part of GSIP program.
PDI = Well installed as part of PDI program.
RI/FS = Well installed as part of RI{FS program.
(2) Bedrock wells are finished as unscreened boreholes.

MOOEB0O9Dy . 1D. 3
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Table 3-1. Well Construction Data at the Industri-Plex S5ite, Woburn, Massachusetts,

Elevarion of

Total Depth Elevarion of Elevation of Screened Total
of Well Maasuring Point Bottom Sclckup Interval (2) Length of

Well Field Well Diameter/ (ft below {ft above mean (ftr relative to (ft sbove land [ft relative to Type of Screen
Number Program (1) Well Material land surface) sea level) mean sea level) surface) mear. sea level) Formacion (fe)
OW-19 RI/Fs 6" PVC 67.00 55,97 -12.57 1.54 172.43 - -12.57 basal unconsolidated 30.00
OW-19A RI/Fs 4" PVC 38.60 55.87 16.19%9 1.08 51.19 =~ 16.19 top unconselidated 15.00
OW-20 RI/Fs 4" PVC 90.72 57.33 -33.39 0.00 16.61 - -33.39 basal unconsolidated 50.00
DW-21 GS5IP 4" PVC 15.04 76.28 58.71 2.53 68.71 - 58.71 top unconsolldated 10.00
ow-22 GSIP a" pPvC 13.52 B1.76 65.12 312 75.12 - 653,12 total unconsclidated 1G.00
OW-23 POI 4" PVGC 27,00 68.54 38.54 3.00 48.69 - 38.54 middle unconsolldated 10.15
OW-244A PRI 4" PVC 24.97 57.47 33.10 -D.60 43.25 - 33.10 middle unconsclidated 10.15
OW-24B PDI 4" PVC 59.65 57.26 -2.8% -0.50 7.26 - -2.89 basal unconsolidated 10.15
OW-25A DI 4" PVC 23.00 66.00 43.30 -0.30 33.45 - 43.30 top unconsolidated 10.15
Ow-25B PDI 4" PVC 19,42 65,34 26.70 -0.78 36.90 - 26.70 basal unconsclidated 140.20
oW-26a PDI 4" PV 23.20 64.15 39.05 1.90 49.20 - 39.65 middle unconaolidated 10.15
OW-268 PDI 4% PVC 41,46 63.80 20.04 2.30 30.20 - 20.04 basal unconsolldated 149.15
OW-27A PDI &% PVC 40.32 70.84 28.11 2.4l 3B.26 =~ 2B.11 middle unconsolidated 14.15
OW-27B PDI 4" PVC 94.57 70.52 -25.48 1.43 =10.33 -~ -25.48 basal unconsolldated 10.15
OowW-28 GSIP 4™ PVC 8.92 771.19 65.64 2.63 J0.64 - 65.64 top unconsclidated 5.00
OW-29 PDI 4™ PVC 25.70 61.17 36.10 -0.63 46.25 - 36.10 middle unconsolidated 10.15

NOTES:
(1) GSIP = Well instalied as part of GSIP program.
PDT = Well inatalled as part of PDI program.
RI/FS = Well Lnatalled as part of RI/FS program.
(2) Bedrock wells are finished as unscreened boreholes.

MODGG09DY . 1D.3
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Table 3-1, Well Construction Data at the Industri-Plex Site, Woburmn, Massachusetts,

Elevation of

Total Depth Elevattion of Elevation of Scraened Total
of Well Measuring Point Rottom Stickup Interval (2} Length of
Well Fleld Well Diameter/ {ft balow (ft above mean (fr relative to (£t sbove land {ft relative to Type of Screen
Number Program (1) Well Material land surface) sea level) mean ses level) surface) mean sea level) Formarion (ft)
OW-30A PDI 4" PVC 18.72 65.590 45.18 2.00 55.33 - 45.18 top unconsolidated 10.15
OW-30B PDI A" PVC 57 .83 65.60 5.27 2.50 15.42 - 5.27 basal unconsollidated 10.15
Ow-31 PRI A" PVC 14.00 74.35 57.90 3.05 59.90 - 57.90 mlddle unconsollidared 5.00
OW-32 PRI A" PVC a.00 75.47 B4 .00 3.77 66.20 - 64,00 middle unconsolidared 2.20
QW-33A PDI AT PVC L4 &0 56,83 10.03 2.40 20,23 - 10,03 middle unconsolidared 10.20
OW-33B PDI 4" PVC 84.01 56.66 -29.65 2.30 -19.50 - -29.65 basal unconsollidated 10.15
OoW-36 PDI A" PVC 12,9 74 .B& 59.80 2.16 69.80 - 59.80 top unconsolidated 10.00
oW-27 PDI 4" PVC 15.72 72.60 531.58 3.30 63.78 - 53.58 top unconsolidated 10.20
OW-38 PDI 4" PVC 15.5 71.40 54.30 1.60 64.50 -~ 54.30 top unconsclidated 10.20
Q-39 PDI 4T PVC 15.1 74.14 56.707 2,34 66.70 - 56.70 top unconsolidatred 10.00
OH-40 PDI 4" PVC 17.0 71.64 31.70 2.94 61.50 - 51.70 top unconsolldated 10.20
OW-41 PD1 4" PYC 16.0 66.95 51.50 -0.55 61.70 - 51.50 top unconsolidated 10.20
OW-42 PDI a* pyC 34.0 69, 80 33.00 2.80 43.20 - 33.D0 basal unconsollidated 10.20
OW-43 PRI 4" PVC 14.Q 76,17 60_60 1.57 70.60 - 60.60 top unconsolldated 10.00
OW-44 PD1 4" PYC 16.5 70.60 53.30 1.30 62.80 -~ 53.30 top unconsolidated 9.50
OW-~45 PDI 4" pPvec 17.0 70.84 52.40 1l.44 62.40 - 52.40 top unconsolidated 10.00

NOTES:
(1} GSIP = Well lnstalled as parr of GSIP program.
PODI = Well installed as part of PDI program.
RI/FS = Well installed as part of RI/FS program.
(2) DBedrock wells are finished as unscreened boreholes.
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Table 3-1. Well Construction Data #t the Industri-Plex Site, Woburn, Massachuserts,
Elevarion of
Tocal Depth Elevation of Elevation of Screened Total
of Well Measuring Point Bottom Stickup Interval (2) Length of
Well Field Well Dlameter/ (ft below (ft above mean {ft relative to (ft above land (fr relative to Type of Screen
Number Program (1) Well Material land surface) sea level) mean sea level) surface) mean sea level) Formatlon (£t}
ow-46 PDI 4" FVC 13.5 67.88 55.20 -0.32 54.70 55.20 top unconsolidated 9.50
oW-47 PLI L" PVC 16.5 69.23 51.80 1.43 61.30 51.80 top unconsolidated 9.50
oW-48 PDI W PVC 65,73 64.72 -2.00 1.72 7.25 -2.00 basal unconsolidated 9.25
OW-48A PDI 4" PVC 24.5 64.39 38.70 1.69 48.20 38.70 middle unconsclidated 9.50
oW-49 PDI 4" PVC 56.0 66 .06 8.20 1.86 18 .20 8.20Q basal unconsolidated 1. 00
OW-4LGA PRI 4" FVC 26.0 66, 42 39.20 1.22 49 20 39.20 wmiddle uncensolidated 10.00
OW-50 PDI 4" PVC 76.0 58,38 -9.20 1.58 0.80 -9.20 basal unconsolidated 1¢.00
W -50A PDI 4" PVC 28.5 58.00 3a.50 1.50 4B.D0 38.50 middle unconsolidated 9.50
ROTES:

{1) GSIP = Well installed as part of GSIP program.
PDI = Well installed as part of PDI program.
RI/FS = Well insralled as part of RI/FS program.

{2) Bedrock wells are finished as unscreened boreholes.

!!()IJ)(Jlﬂi!fl?l=!lt!li!i!ﬂl(:
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Table 3-2, Soil Sample Field Measurements at the Industri-Plex Site,
Woburn, Massachusetts.

Sample Designation/Depth Date/Time of Saturated or
{feet below land surface) Measurement Unsaturated  Eh (mV)

$§8-22/4-6 3-1-90/1840 hrs. U +188.7

58-22/6-7.2 3-1-90/1840 hrs. S +2223
$S-28/0-7 3-8-90/1025 hrs. U +220.8
§§-28/7-9 3-8-90/1025 hrs. S +65.2
§S§-21/0-2 3-13-90/0845 hrs. u +316.0
§5-21/2-8 3-13-90/0845 hrs. S +160.7

ROUX ASSOCIATES INC

MO06609Dy.1D.3



Table 3-3.  Hydrogeologic Units and Aquifer Characteristics, Industri-Plex Site, Woburn Massachusetts

AQUIFER CHARACTERISTICS

HYDROGEOLOGIC DESCRIPTION T S K, K,
UNIT
Qo4 Glacial Qutwash Lake/Pond 16,620- 0.001- 276-280 6-8 -
and Alluvial Fan Deposits 16,848 0.25
Qo3 Glacial Outwash Braided 83,725 - 0.01 - 1,392 - 45-72 —
Stream Deposits 140,400  0.07 2,335
Qo2 Glacial Stream/Lake 92,600 - 0.001 - 1,057 - 6 - 26 _
Deposits 111,267 0.002 1,436
Qsd Peat and Swamp Deposits NA NA NA NA
Notes: Only units within the unconsolidated aquifer are included. )
T = Transmissivity
S = Storage Coefficient
K, = Horizontal Hydraulic Conductivity

K, = Vertical Hydraulic Conductivity
NA = Not Available

ASSOCLATES
ROUX e MO06609Dy. ID.3



Table 3-4. Comparison of Hydraulie Conduc:lvlty Yalues from Slug Testas Perf.
November 9, 1990, and Hydraulie Conductlvity Values from Consta
October 31, 199g through November 2, 1990, Industri-Plex Site,

nt-Rate (Pumping) Test Performed
Woburn, Massachuserts.

- Hovember 5, 199p through
by Roux As:oclates, Ine,,

S5lug Tests Pumping Tests
Bouver and Rice Analysis Hvorslev Analysis Stallman Method Neumann Mechad Hantash Method
Hydraulie Hydraulic Hydraulie Hydraulic Hydraulic Hydraulice Hydraulic
Conduet ivity Conduct ivity Conduct ivity Conductiviry Conduct ivicy Conductivity Conductivity
Well in gpdfaquare fr in gpdfsquare ft in gpd/square ft in gpd/aquare fr in gpd/square fr In gpdfaquare fr in gpd/square ft
Humber Falling Head Test Rising Head Test Falling Head Test Rising Head Test
oW-19 B.1BE+01 1.0BE+02 8.52E+01 8.12E+0)1 Nap 1.58E+02) 1.08E+03
oW-19A 4.75E+02 3.208+02 9.86E+02 6.02E+02 Nap 5.39E+02 NAp
TW-15 NA Na 2.54E+02 5.13E4+02 6. 00E+02 4. 10E+02 NAp
TW-1D 31.22E+01 3.63E+01 6.79E+0]1 5.85E+01 2.27E+03 1.85E+03 1.97E+03
IW-25 Na NA 1.01E+03 1.38E4+02 6.18E+02 4.97E+02 Nap
TH-2D 1.59E+01 1.41E+01 1.54E+01 2.27E+D1 2.34E+03 1.99E+03 2.03E+03
TWH-3S 31.27E+02 2.10E+02 4.B1E+02 3.54E302 2.80E+02 2.76E+02 Nap
IW-3D 1.52E+02 1.63E+02 2.31E+02 2.16E+02 1.B3E+D3 2.06E+03 1.81E+03
TH-45 B8.BBE+02 NA $.33E+02 NA 1,08E403 B.95E+02 NAp
IW-4D 7.5%E+02 1.25E+03 1.09E+D3 1.52E+03 31.00E+03 2.61E4+03 1.67E+04

NAp = Kot applicable because no unique fit between dara and type curves

gpd/square ft = gallons per day per 3quare foot

ROUX

1. RS i -
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Table 3-4. Comparison of Hydraullc Conductivity Values from Slug Tests Parformed by Gulder Assoclates Inc. November 5, 199D through
November 9, 1990, and Hydraulic Conductivity Values from Constant-Rate (Pumping) Test Performed by Roux Assoclates, Inc.,
Oerober 31, 1990 through November 2, 1990, Induscrl-Plex Site, Woburn, Massachusetrs,

Slug Tests Pumping Tests
Bauwer and Rice Analysis Hvorslev Analysls Stallman Mathod Neumann Method Hantush Method
Hydraulle Bydraulle Hydraullc Hydraullc Hydraulic Hydraullc Hydraulic
Conductivity Conductivity Canductivity Conductivity Conductivity Conductivity Conductivity

Well in gpd{square fr in gpd/square ft in gpd/square ft in gpdfsquare fr la gpd/square fr in gpd/square ft in gpdfaquare ft
Number Falling Head Test Rising HBead Teat Falling Head Test Rising Head Test
oW-19 8.18BE+D1 1.0BE+02 8.52E+01 8.12E+01 NAp 1.58E+03 1.0BE+D3
OW-19A 4. 75E+D2 3.20E+02 9.B6E+02 5. 02E+02 NAp 5.39E+02 NAp
TW-15 NA HA 2.564E+D2 5.13E+402 6.Q0E+52 4. 10E+02 RAp
TW-1D 3.22E+01 3.63E+01 6. 79E+01 5.83E+01 2.27E4+03 1.85%E+03 1.97E+03
TH-25 HA RA 1.01E+03 1.38E+02 6.18E+02 4.97E+02 NAp
TW-2D 1.59E+01 1.41E+01 1.54E+01 2.27E+D1 2_34E403 1.99E+02 2.03E+03
TW-3§ 3.27E+02 2.10E+02 4.81E+02 3.54E+02 2_BDE+02 2.76E+02 NAp
TW~3D 1.52E+02 1.63E+02 2.31E+02 2.16E+02 1.B3E+03 2.06E+03 1.B1E+03
TH-4S 8.8BE+02 HA 9.33E+02 HA 1.0BE+03 B8.95E+402 NAp
TW-4D 7.59E+02 1.25E+03 1.09E+03 1.52E+03 3.00E+03 2.61E+403 1.67E+03

RA = Test data was invalid due to elther no displacement or fast recovery (within 3 seconds)
NAp = Not applicable becauze no unique fir betwesn data and cype curves
gpd/square ft = gallons per day per square foot

MDO&60OSDY. 1D . 3
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Table 3-5., Ground-Water Elevation Data at the Industri-Plex Site, Waburn, Massschusects.

April 10, 1990 May 24, 1990 May 30, 1490
Elevation of Depth to Water Eievarion of D¥pth to Water Elevation of Cepth to Hatét Elevation of
Measuring Peint from Measuring Ground Water from Measuring Ground Water from Measuring Ground Water
Well (ft abave mean Point (ft below (fr above mean Point (ft below (ft above mean Point (ft below (ft above mean
Humber ses level) measuring poing) ssa lovel) measuring point) sea level) maasuring point) sea level)
OW-1* an.32 7.15 73.17 6.95 73.37 6,27 74.05
OW-1A 79.72 5.4% 74.27 5.20 4,52 &.35 75.37
QW -4 * 71.54 4. 88 66,66 h.90 b6.6h 5,14 66.4D
OW=-6& 62.67 8.00 55.867 B8.0% 54,58 7.858 54.81
OW-7 57.88 -- -- 6.28 51.60 &6.16 51.7%2
OuW=-G% 638.88 9.25 59.63 .09 59.79 9,20 59.68
OW=110 B64.63 4.18 60.45 4.16 B0. 47 3.91 60.72
OW-11 71.22 4. .01 67.21 4.0 67.18 3,55 &7.67
oW-12 &3.74 6.60 57.14 b.60 37.14 6. 49 57.25
OW-13 64.99 3.76 61.23 3.B5 61.14 3.50 51.49
OW-14 65,54 6.49 59.05 6.53 39.01 6.49 59.05
Qw-15 64,60 3.90 60.70 4. 80 59.80 3.23 61.37
OW=-16 &7.29 3.34 63.95 3. .54 63.75 3.18 64.11
OW~17 57.86 5.64 52.22 5.70 52.16 4.93 52.93
QOW-18 62,76 B.4% 54.31 B.47 54.29 7.93 54,83
GW-18A 62,08 T.77 54.31 7.84 54.24 7.29 54.79
ou-19 55.97 3.88 52.09 1.99 51.98 3.20 52.77
W-194A £5.87 3.80 52.07 3.51 51.96 1.09 52.78
OoW-20 57.33 5.93 31.40 5.97 51.36 5.54 51.79
ow-21 76.28 4.86 71.42 4.88 T1.40 4,37 71.71
Ow=-22 81.76 7.98 73.78 7.89 73.87 7.65 74,11
OW=-23 68,54 o T e *w an '
OW-24A 57.47 e " s A e L
OW=-248 57.26 '™ w "k " o o
OW-25A 56.00Q LA Ll 14.18 51.82 - -~
OW=-25B 65.34 L o 13.66 51.68 -= -
OW=26A 64.15 i i o La W i
OW-26B 63.80 h *n e *w e e
OW=27A 70.84 e e " e e e
OW-27B 70.52 - e e TS e o
Ow-28 77.195 7.23 69.97 .35 67.85 9.75 67 .45
oW-29 61.17 il b 5.18 55.99 - -
OW-304A 65.90 e " LA haded ®h i
OW-30B 65.60 *n - 1 ke s .
OW-33A 56.83 —w aw - 'y 'S "
OW~338 56.66 Lhd Ll 4. 74 51.92 *r b
NOTES:

* Badrock well.
** Well nor yet inatalled.
== No measurement taken.

ROUX ASSOCLATES INC MOO6609Dy . 10.3



Table 3-5.

Ground-Water Elevation Data at the Induseri~Plex Site, Woburn, Massachuszetrts,

Page 2 of 7

Elevation of

June 20, 1990

June 26, 1990

July 17, 1950

Depth to Water

Measuring Point from Measuring

Elevation of
Ground Warer

Depth to Water
from Measuring

Elevation of
Ground Water

Cepth to Water
from Measuring

Elevation of
Ground Water

Well {ft above mean Peoinc (fr below {(ft above mean Point (ft below (fr above mean Point (ft beiow (fr above mean
Humber sea level) measuring point) sea level) measuring peint) 1e3 level) measuring point) sen level)
QW-1* 80,32 T.62 72.70 7.86 72.46 B.24 72.08
OW-1Aa 79.72 6.50 73.22 6.79 72.93 7.36 72.36
QW-4+ 71.54 6.91 G4 .63 7.40 64.14 B.T5 62.79
QW-6 62.67 8.7 53.97 B.92 53.75 9.05 53.62
QW=7 57.88 6.93 50.95 7.09 50.79 7.35 50.53
Q-G+ 68.88 10.00 558.88 10.23 58.55 11.03 57.845
QW-10 64 .63 5.22 59.41 5.58 59.05 6.38 58.25
OW-11 71.22 450 66,72 4.71 66.51 4.99 66.23
Qw-12 63.74 7.49 56.25 7.75 55.99 8.31 55.43
ow-13 64.99 [ 60.25 5.00 5%.%8% 5.42 59.57
OoW-14 65.54 7.5 58.00 7.87 57.67 8.56 56.93
ow=-15% 64 .60 4.4 60.17 b.6h 59.96 5.06 59.54
W-1é& 67.29 .21 63.08 L) 62.89 5.01 52.28
QW-17 57 .86 6.04 51.82 6.21 51.65 6.35 51.51
oW-18 62.76 %.06 53.70 9.30 53.46 9.55 53.21
QW-18A 62.08 B.40 53.68 8.66 53.42 8.89 53.19
OoW=-19 55.97 a.53 S51.44 4“.68 51.29 5.02 50.95
OW-1%A 55.87 4,45 51.42 4.74 51.13 4.95 50.92
oW=-20 57.33 6.57 5Q.76 6.72 50.61 6.97 50.36
OW-21 76.28 5.44 70.84 5.79 70,49 §.19 70.09
oW-22 81.76 2.16 12,60 9.52 T12.24 10.82 70.94
OW=-23 68.54 14.62 33.92 15.66 52.88 15.34 53.20
OW-24A 57.47 5.15 52.32 5.35 52.12 5.70 51.27
OW-24B 57.26 5.04 52.22 5.24 52.02 5.59 51.67
OW-25A 66.00 14.87 51.13 15.10 30.90 15.31 50.69
OW-25B 65,34 14.19 51.15 14,44 50,90 14.65 50.69
OW-26A 64.15 9.37 54.78 9.68 54,47 10.22 53.93
OW~26B 63.80 9.09 54.71 9.39 54.41 9.81 53.99
OW=~27TA 70.84 18.34 52.50 18.53 52.31 18.88 51.96
OW-27B 70.52 19.15 51.37 19.32 51.290 19.56 50.98
OW-28 ?27.195 11,52 65.685 11.51 65,685 dry dry
OW~-29 61.17 5.05 55.67 5.62 55.55 5.93 55.24
OW-304 65.90 11.80 54.10 12.52 53.38 12.85 53.05
OW-30R 65.60 12.14 53,46 12.36 53.24 12.65 52,95
OW=33A 56.83 5.83 51.00 6.02 50.81 6,27 50.56
OW-338 56.56 5.63 51.03 5.77 50.89 6.10 50.56

NOTES:
* Bedrock well.
ROUX ASSOCILATES INC MODE609Dy . 1D. 3
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Table 3-5. Ground-Water Elevation Data at the Induseri-Plex Site, Woburm, Massachuserts.

August 13, 1990 September 26, 16950
Elevation of Depth to Watsr Elevatrion of Depth to Water Elevation of
Hemasuring Polnt from Measuring Ground Water from Measuring Ground Water
Well (ft above maan Point (ft belew (ft above mean Polint (ft below (ft above mean
Number sea level) messuring point) sea level) messuring point) sen level)
OW=-1* 80.32 7.19 73.13 B.28 72.04
OW-14A 79.72 6,01 3.7 7.50 72.22
QW-4* 71.54 4.99 66.55 8.11 63.43
oW-& 62.67 7.52 55,15 B8.BO 53.87
QW7 57.83 5.9 51.91 7.13 50.75
W« g 68.88 10.06 58.82 ’ 10.91 57.97
ow-10 54.63 4,26 60.37 6.03 58.860
oW-11 7L.22 1.88 67,34 4. 84 66.38
ow-12 63.74 &.68 57.08 8.20 55.54
OoW-113 64.99 3.54 61.45 5.11 59_RBB
OW-14 65.54 6.69 58.85 8.37 57.17
OW-13 B64.60 3.88 60.72 4,74 59.86
oW=-16 67.29 3.32 63.97 3.42 63.87
OW~17 57.86 5.58 52.28 6.25 51.61
oW-18 52.76 8.36 54.40 .45 53.31
OW-1BA 62.08 7.74 54.34 8.82 53.26
oW-19 55.97 3.46 52.51 &.75 51.22
OW=-19A 55.87 3.37 52.50 4.67 51.20
ow-20 57.33 3.70 51.63 6,78 50.55
OW=-21 76.28 5.01 7L.27 5.90 70.38
=22 81.76 9.23 72.351 11.34 JO.42
OW-23 68.54 - - 14.97 53.57
aW=24A 51.47 4,07 53.40 5.43 52.04
OW-24B 57.28 1.86 53,40 5.30 51,96
OW-25A 66.00 13.42 52.58 15.10 5¢.90
QW-25B 65,34 12.88 52.46 14,43 a0.91
OW-26&A 64.15 8.33 33.82 9.76 54.39
OW-26B 63.80 7.91 55.89 9.31 54.4%
OW=27A 70.84 16.64 54,20 18.67 52.17
OW-27B 70.52 18.46 52.06 19.42 51.10
ow-28 77.195 5.25 67.95 dry -
oW-29 61.17 5.34 55.83 5.92 55.25
OW=~304A 65.90 11.79 54.11 12.78 53.12
OW-30B 65.60 11.64 53.96 12.48 53.12
OW-33A 56.83 4.64 52.19 599 50.84
OW~333 56.66 4.55 52.11 5.93 50.73
HOTES:

* Bedrock well.
-- Well not located.



Table 3-5,

Ground-Water Elevation Data at the Industri-Plex Sits, Woburn, Massachusetts,.

Page 4 of 7

Elevation of

December 7, 1590

February 26, 1991

April 17-19, 1991

Depth to Water

Measuring Point from Measuring

Elevartion of
Ground Water

Deprh to Water
from Measurlng

Elevarion of
Ground Water

Depth to Water Elevation of
from Measuring Ground Water

Well (ft above mean Polnt {ft below (ft above mesn PFoint (ft below (fr above mean Poinr (ft below (ft above mean
Number sea level) measuring point) sea level) measuring peint) sea level) messuring poine) sea level)
OW-1* 80.32 T.43 72.89 7,45 12.87 7.79 72.53
OW~-1A 79.72 6.29 73,43 6.27 73.45 6.73 72.99
OW-4* 71.54 5.83 65.71 5.83 65.71 6.76 64,78
QW-6 62.67 B.23 54, 4% B.18 54.49 8.51 54.16
aw-7 57.88 G.44 51. 44 §.535 51.33 6.86 51.02

OW=-g* 68.88 9.97 58.91 9.27 59.61 28.36%~ 4O, 52k
OW-10 64.63 4. 68 59.95 4.71 59.92 5.51 59.12
OoM-11 71.22 4. 20 67.02 .23 66.99 4.55 66.67
oW-12 53.74 T.25 56.49 7.00 56.74 7.52 56.22
ow-13 64.99 4.50 60.49 4.20 60.79 4.74 60.25
OW=14 65.54 7.33 58.21 6.71 58.B3 B.65 56.89
oW-15 G4, 60 4.07 60,53 4.10 60.50 4. 24 60.36
OW-16 67.29 4.06 63.23 3.68 63.61 2.70 64.59
oW-17 57 .86 5.76 52.10 5.95 51.91 &.09 51.77
oW-18 62.76 B_76 54,00 8.73 54.03 9.09 53.67
OW=-1BA 62.08 .82 54.26 8.05 54.03 8.41 53.67
OW=-19 55.97 4,05 51,92 .19 51.78 4. 44 51.53
OW-19A 55.87 1.96 51.91 410 51.17 4.33 51.54
OW-20 57.33 6.13 51.20 6.20 51.13 65.49 50.84
OW=21 76.28 4,93 71.35% 3.25 73.02 5.44 70.84
ow-22 a1.76 §.97 72.79 B.25 73.51 9.00 72.76
OW=-23 68.54 14.19 54,35 14,12 54.41 14.61 53.93
QW=-24A 57.47 5.69 51.78 4. 77 52.70 5.09 52.38
OW-24B 57.26 L.56 52.70 4.67 52.59 5.02 52.24
OW-254A 66.00 14,27 51.73 14 44 51.56 14.48 51.52
OW=-258 65.34 13.64 51.70 13.79 51.55 14.03 51.31
OW-26A 64.15 B.B4& 55.31 8.75 55.40 9.22 54.93
OW-26B 63.80 B8.54 55.26 B.4B 55.32 B.8Y9 54.91
OW-274A 70.84 18.11 52.73 18.19 52.65 18.57 52.27
Ow-278 70.52 18.98 51.54 i8.91 51.61 19.17 51.35
Ow-28 77.20 dry -- 10,43 66.77 dry -
oW-29 61.17 5.52 55.65 5.34 55.83 5.60 55.57
OW=30A 65%.90 12.20 53.70 12.18 53.72 12.4% 3.4
OW=-308 &5.60 12.05 53.55 11,99 53.61 12.27 531.33
oW-31 74.35 31.29 71.06 2.50 71.85 4.28 70.07
OW-32 75.47 3.86 7T1.61 3.06 72.41 4_80 70.67

ROTES:

* Bedrock well.
** Depth to water measurement suspect when compared to historical data.
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Page 5 of 7

Table 3-5%. Ground-Water Elevation Data at the Industri-Plex Site, Woburn, Massachuserts.

Dacember 7, 1990 February 26, 1991 April 17-19, 1991
Elevation af Depth to Water Elevation of Depcth to Wataer Elevation of Depth to Water Elevartion aof
Measuring Foint from Measuring Ground Water from Measuring Ground Water from Measuring Ground Water
Well (fr above mean Polnt (fr beiow (fr above mean Polnt (ft below (ft above mean Point {ft below {ft above mean
Rumber sea level) measuring polnt) sea level) measuring polint) sea level) measuring point) sea level}
OW=-33A 56.83 5,31 51.52 5.40 S51.43 5.72 51.11
OW-33B 56.6& 5.13 51.53 5.23 51,83 5.50 51.18
oW-36 74.86 4,51 70,35 3.44% 71,42 5.32 69.34
oW-37 72.60 4,78 67.82 .43 68.17 5.67 66.93
Qw-38 71.49Q 5,96 64,44 6.15 65.25 7.58 63.84
aW-39 T4.l4 g.28 64 .86 B.%0 65,24 9.4l 64.73
ON=-4D 71.64 12.04 59.60 11.41 60.24 12.09 59.55
oW-41 66.95 7.02 59.93 6.13 60.82 6.25 60.70
oW-42 69.80 16,92 52.88 16.82 52.98 17.10 52.70
oW-43 76.17 B.61 67 .56
OW-44 70.60 2.94 67 .66
OW-45 70.84 . 89 65.95%
OW=-46 67.88 3.68 654.20
OW-47 59.23 10.55 58.68
QW-~-48 64.72 B8.09 56.63
OW-4BA 64.39 7.74 56.65
QW-49 66,06 9.82 56.24
OW=-49A 66.42 10.35 56.07
O-50 68.38 13.18 55.20
OW-5QA 68,00 12.75 55.25

ROUX ASSOCIATES INC MOO6609Dy . 1D, 3



Page 6 of 7

Table 3-5. Ground-Water Elevatlon Data at the Industri-Plex Site, Woburn, Maasachusetts.

May 13, 1991
Eievation of Dapeh to Warer Elevacion of
Measuring Point from Measuring Ground Water
Wall (£t above mean Point (fr below (ft above mean
Number sea level) measuring point) sea lavel)
OW=1w 80,32 7.60 72.72
oW-1A ¥9.72 6.32 73.40
OW=-b* 71.54 6.05 65.49
oW-6 62.67 B8.32 54.35
OW=-7 57.88 6.72 51.16
OW-gn 68,88 9.58 59.30
oWw-10 64 .63 4.85 39.78
aW-11 71.22 4,32 &6, 90
OoW-12 &3.74 7.11 56.63
oW-13 654,99 4,28 60.71
OW-14 65,54 .10 58,44
oW-15 64,60 4,17 50.43
oW-16 67.29 3.91 63.38
oW-17 57 .86 5.02 51.8&
ow-18 62.76 a.87 33.89
OW-184 62.08 8.24 53.84
Oow-1% 55.97 4,32 51.65
QW-15A 55.87 5,24 51.63
OW=28 57.33 &.35 50.98
oW=-21 76.28 5.16 71.12
oW=-22 8l1.76 9.56 72.20
oW-23 68.54 14.22 54,32
OW-244 5747 4.93 52,54
OW=24B 57.26 4.97 52.29
OW-25A 66.00 14.61 51.39
OW=-25B 65.34 13,95 51.39
OW~-26A 64.15 B.82 55.33
OW-26B 63.80 B8.54 55.26
OW=-27A 70.84 18.37 52.47
OW-278 70.52 18.92 51.60
OW-28 ¥7.20 dry --
OW=29 61.17 5.46 55.71
DW=-30A 65.90 12.27 53.63
OW-30B 65.60 12,14 53.46
owW-31 74.35 3.88 70.47
0W-32 75.47 4,35 71.12
NOTES:

* Bedrock well.

ROUX ASSOCIATES INC MO06609Dy.1D. 3



Table 3-5.

Ground~Water Elevation Data at the Industri-Plex Site, Woburn, Massachusetts.

Page 7 of 7

Elevacion of

May 13, 1991

Depth to Water

Measuring Point from Messuring

Elevarion of
Ground Water

Well (ft above mean Polnt (ft below (fr above mean
Number sea level) measuring peint) sea level)
OW=-33A 56.83 5.60 51.23
OW-31B 56.66 5.38 51.28
OW-36 74 .86 4.78 70,08
OoW-37 72.60 5.04 67.56
DW=-38 71.4D 6.77 64.63
OW-39 74.14 8.813 65.31
DW-40 71.64 11.75 59.49
OW-41 66.95 5.88 61.07
oW-42 69.80 16.91 52.89
OW-43 76.17 7.3% 68.83
OW-44 70,60 2.41 68.19
OW-435 70.84 4.28 66.56
OW-46 67.88 3.43 G4 .45
ou-47 69.21 9.79 59.44
OW-48 64,72 7.73 56.99
OW-48A 64.39 7.38 57.03
OM~46 66.06 9.50 56.56
OW-494 T 66,42 9.62 56.80
oW-5¢ 68,38 12.88 55.50
OW-504A 68.00 12.40 55.60

ROUX ASSOCIATES INC MDO6609Dy . 1D. 3



Table 3-6. Calculation of Vertical Gradients in Monitoring Well Clusters, Industri-Plex Site, Waburn, Massachusetts. Page 1 of 10

Elevation M.P. Height of M.P. Elevation of Depth to Top of Elevation Top of Depth 10 Bottom of

Well (1) (Feet) Ground (1) Screen (2) Screen (1) Screen (2)

OW-18 62.76 0.31 62.45 1515 47.30 55.15
OW.18A 62.08 0.77 61.31 5.20 56.11 15.20
OW-19 55.97 1.54 54.43 37.00 17.43 67.00
OW-19A 55.87 1.08 54.79 3.60 51.19 38.60
OW-244A 37.47 0 57.47 14.82 42.65 2497
OW-248 57.26 0 57.26 49.5 1.76 59.65
OW-25A 66 0 66 12.85 5315 23
OW-258 65.34 0 65.34 29.22 36.12 39.42
OW-26A 64.15 19 6225 13.05 49.2 232
OW-268 638 23 61.5 31.31 30.19 4146
OW-27A 70.84 24 68.44 3017 B.27 40.32
OW-278 70.52 1.4 69,12 84.42 -15.3 94.57
OW-30A 65.9 2 63.90 8.57 55.33 18.72
OW.30B 65.6 2.5 63.10 47.68 15.42 57.83
OW-33A 56.83 2.3 54.53 34.20 20.33 44.4
OW.338 56.66 2.2 54.46 7386 -19.4 84.01

Notes: {1) Feet Above Mean Sea Levet

(2) Feet Below Land Sutface
dh = Difference of Elevation
d! = Distance Between Midpainis of Screen

ROUX ASSOCIATES ING ( ., Mo
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Table 3-6. Calculation of Vertical Gradients in Monitoring Well Clusters, Industri-Plex Site, Woburn, Massachusetts.

Page 2 of 10
Elevation Bottom | Elevation Midpoint Water Level dh (It) dl (ft) I, Direction of Flow
Well of Screen (1) of Screen (1) June 20, 1990 June 20, 1990 June 20, 1990 June 20, 1990 June 20, 1990
_ e ————— h—_—m—r—MM_
OW-18 7.30 2730 53.70
OW-18A 46.11 5111 53.68 0.02 23.81 0008 Upward
ow-19 -12.57 243 51.44
OW-19A 1619 33.69 51.42 0.02 31.26 0.0006 Upward
OW-24A 325 37.57 52.32
OW-24B -2.39 2.68 5222 0.10 3489 0.003 Downward
OW-25A 43 48.07 51.13
OW-258B 25.92 31.02 51.15 .02 17.05 0.001 Upward
OW-26A 39.05 4412 54.78
0OW-26B 20.04 251 54.71 0.07 19.01 0.004 Downward
OW-27A 28.12 3319 52.50
OW.27B -25.45 -20.37 51.37 1.13 53.56 0.021 Downward
OW-30A 45.18 50.25 54.10
OwW-30B 5.27 10.34 53.46 (.64 399 0016 Downward
OW-33A 10.13 15.23 51.00
OW-33B -29.55 -24.47 51.03 -0.03 39.70 0.001 Upward
Notes: {1) Feet Above Mean Sea Level

(2) Feet Below Land Surface

dh = Difference of Elevation

dt = Distance Between Midpoints of Screcn
1, = Vestical hydraulic gradient

ROUX ASSOCIATES INC MO06609Dy.1D.3



Table 3-6.

Calculation of Vertical Gradients in Monitoring Well Clusters, Industri-Plex Site, Woburn, Massachusetts.

Page 3 of 10

Elevation Bottom | Elevation Midpoint Water Level dh gh} di [t% I Direction of Flow
Well of Screen (1) of Screen (1) June 26, 1990 June 26, 1990 June 26, 1990 June 26, 1990 June 26, 1990
OW-18 7.30 2730 53.46
OW-18A 46.11 51.11 54.42 0.04 2381 0.002 Upward
Ow-19 -12.57 2.43 51.29
OW-19A 16.19 3369 51.13 0.16 31.26 0.005 Upward
OW-24A 325 3757 5212
OW-24B -2.39 2.68 52.02 0.10 3489 0.003 Downward
OW-25A 43 4807 50.90
OwW-2513 23.92 31.02 50.90 0.0 17.05 0.0 Haorizontal
OW-26A 39.05 44.12 5447
OW-268 20.04 25.11 5441 0.06 19.01 0.003 Downward
OW-27A 28.12 33.19 52.31
OW-27R -25.45 -20.37 51.20 111 5356 0.021 Downward
OW-30A 43.18 50.25 53.38
OW-308 5.27 10.34 53.24 0.14 39.91 0.004 Downward
OW-33A 10.13 15.23 50.81
OW-3318 -29.55 -24.47 5089 0.08 39.70 0.002 Upward

Noes: (1) Feet Above Mean Sea Level

(2) Feet Below Land Surface

dh = Difference of Blevation

dl = Distance Between Midpoinis of Screen

I, = Vestical hydraulic gradiept

MOG6609Dy. 1D. 3
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Table 3-6. Calculation of Vertical Gradients in Monitoring Well Clusters, Industri-Plex Site, Woburn, Massachusetts.

Page 4 of 10
Elevation Bottom { Elevation Midpoint Water Level dh _{ﬂ‘) dl _gft} | Direction of Flow
Well of Sereen (1) of Screen (1) July 17, 1990 July17, 19%0 Jul; 17, 1990 Julg l‘f, 1990 July 17, 1990
——————————

OW-18 7.30 27.30 53.21

OW-18A 46.11 51.11 53.19 -02 23.81 0008 Upward
OW-19 -12.57 2.43 5295

OW-19A 16.19 33.69 5292 -0.03 31.26 0.001 t)pward
OW-24A 225 37.57 51.77

OW-248 -2.39 2.68 51.67 0.10 34.89 0.003 Downward
OW-25A 43 48.07 50.69

OW-258 2592 31.02 50.69 0.0 17.05 0.0 Horizontal
QW-26A 39.05 44.12 5393

QW-268 20.04 25.11 53.99 0.06 19.01 0.003 Upward
OW-27A 28.12 33.19 51.9%

OW-278 -25.45 -20.37 5096 1.00 53.56 0.019 Downward
OW-30A 45.18 50.25 53.05

OW-30B 527 10.34 52.95 0.10 39.91 0.003 Downward
QW-33A 10.13 15.23 54.56

OwW-338 -29.55 -24.47 50.56 00 3970 0.0 Horizontal

Notes: (1) Feel Above Mean Sea Level

(2) Feel Below Land Surface

dh = Difference of Elevation

dl = Distance Between Midpoints of Screen
1, = Vestical hydraulic gradient
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Table 3-6.

Calculation of Vertical Gradients in Monitoring Well Clusters, Industri-Plex Site, Woburn, Massachusetts.

Page 5 of 10
Elevation Boltom | Elevation Midpoint Water Level dh {fl) dl gn) I Direction of Flow
Well of Screen (1) of Sereen (1) August 13, 1990 Aupust 13, 1990 August 13, 1990 August I3, 1990 August 13, 1990
OW-18 7.30 2730 54.40
OW-18A 46.11 jin 34.34 -0.06 2381 003 Lipward
OWw-19 -12.57 243 5251
OW-19A 16.19 33.69 52.50 -0.01 31.26 0.0003 Upward
OW-24A 325 37.57 53.40
OW-24B -2.39 268 53.40 0.0 3489 0.0 Horizontal
OW-25A 43 48.07 52.58
OW-258 25.92 3102 52.46 a.12 17.05 0.007 Downward
OW-26A 39.05 44.12 5582
OW-26B 20.04 25.11 55.89 0.07 19.01 0.004 Upward
OW-27A 28.12 33.19 54.20
Ow-278 -25.45 -20.37 52.06 2.14 53.56 0.040 Downward
OW-30A 45.18 50.25 54.11
ow-308 527 10.34 539 0.15 39.91 0.004 Downward
OW-33A 10.13 15.23 5219
OW-33B -29.55 -24.47 52.11 0.08 39.70 0.002 Downward
Notes: {1) Feet Above Mean Sea Level

(2) Feet Below Land Surface

dh = Difference of Elevation

dl = Distance Belween Midpoints of Screen

1, = Vestical hydraulic pradient

ROUX ASSOCIATES INC MOO06609Dy.1D.3
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Table 3-6. Calculation of Vertical Gradients in Monitoring Well Clusters, Industri-Plex Site, Woburn, Massachusetts. Page 6 of 10
age 6 o

Elevation Bottom | Elevation Midpoint Water Level dh gﬂ] di gt) I Direction of Flow
well of Screen (1) of Screen (1) Sepl. 26, 1990 Sepk: 26, 1990 Sept- 26, 1490 Sept. 28, 1990 Sept. 26, 1990
OW-18 7.30 27.30 53.13)
OW-18A 46.11 51.11 53.26 0.05 23.81 0.002 Upward
OW-19 -12.57 2.43 51.22
OW-19A 16.19 33.69 51.20 -0.02 31.26 0.0006 LJpward
OW-24A 32.5 3757 52.04
OW-248 -2.39 2.68 51.96 0.08 34.89 0.002 Downward
OW-25A 43 48.07 50.90
OW-258 25.92 3102 50.91 -0.01 17.05 0.001 Upward
OW-26A 39.05 44.12 54.39
OW-26B 20,04 25.11 54.49 0.10 19.01 0.005 Upward
OW-27A 2812 3319 52.12
OW-27B -25.45 -20.37 §1.10 1.07 5$3.56 0.020 Dawnward
OW-30A 45.18 50.25 53.10
OW-30B §5.27 10.34 53.10 0.0 3991 0.0 Horizonlal
OW-334 10.13 15.23 50.84
OW-33B -29.55 -24.47 50.73 0.11 35.70 0.003 Downward

Notes: (1) Feet Above Mean Sea Level

{2) Feel Below Land Surface

dh = Difference of Elevation

dt = Distance Between Midpoints of Screen

1, = Vestical hydraulic gradient

MOO6609Dy. 1D.3



Table 3-6. Caliculation of Vertical Gradients in Monitoring Well Clusters, Industri-Plex Site, Woburn, Massachusetts.

Page 7 of 10
Eleveation Botlom | Elevation Midpoint Water Level gh (ft) di (fq l, Direction of Flow
Well ol Screen (1) of Screen (1) Dec. 7, 1990 Dec. 7, 1990 Dec.’7, 1980 | Dec, 7, 1990 Dec. 7, 19390
= P —————=——= e e

OW- 18 7.30 27.30 54.00

OW-18A 46.11 51.11 54,26 0.26 23.81 0.011 Downward
OW-19 -12.57 2.43 51.92

OW- 19A 16.19 33.69 51.91 -0.01 31.26 0.0003 Upward
OW- 24A 325 37.57 51.78

OW- 248 -2.39 2.68 56.70 -0.92 34.89 0.026 Upward
QOW- 25A 43 48.07 51.73

OW- 258 25.92 31.02 51.70 0.03 17.05 0.002 Downward
QW- 26A 29.05 4412 55.:1

OW- 268 20.04 25.11 55.26 0.05 19.01 0.003 Downward
OW- 27A 28.12 33.18 52.73

OwW- 278 -25.45 -20.37 51.54 1.19 53.56 0.022 Downward
OW- 30A 45.18 50.25 53.70

OW- 308 527 10.34 53.55 0.15 39 91 0.004 Downward
OW- 33A 10.13 15.23 31.52

OW- 338 - 29.55 -24.47 51.53 -0.01 a9.70 <0.001 Lipward

Notes: (1) Feet Abave Mean Sea Level

(2) Feet Below Land Surface

dh = Difference of Elevation

di = Distance Between Midpoints ol Screen
I, = Vestical hydraulic gradient
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Table 3-6. Calculation of Vertical Gradients in Monitoring Well Clusters, Industri-Plex Site, Woburn, Massachusetts. Pase 8 of 10
age B o
Elevation Botom | Elevation Midpoint Water Level dh é[? dl l’t% { Direction of Flow
Well of Screen (1) of Screen (1) Feb. 26, 1991 Feb. 26, 1991 Feb 26, 1991 Feb. 28, 1991 Feb. 26, 1991
—_—  ——— — —— — — —— ———— ———— e ——— ——— ———————

QOW-18 7.30 27.30 54.03

OW.18A 46.11 51.11 54.03 0.0 23.81 0.0 Horizontal
OW-19 -12.57 2.43 51.78

OW-19A 16.19 31.69 51.77 0.01 31.26 0.0003 Upward
OW-24A 32.5 37.57 52.70

OW-24B -2.39 2.68 52.59 0,11 34.89 0.003 Downward
OW-25A 43 48.07 51.56

OW.25B 2592 31.02 51.55 0,01 17.05 0,001 Downward
OW-26A 39.05 4412 55.40

OW-26B 20.04 25.11 5532 0.08 19.01 0.004 Downward
OW-2TA 28.12 3119 52.65

OW-278 -25.45 -20.37 51.61 1.04 51.56 0.019 Downward
QW-30A 45.18 50.25 53.72

QW-10B 5.27 10.34 53.61 0.11 39.91 0.003 Downward
QW-313A 10,13 15.23 5143

OW-338 -29.55 -24.47 5143 0.0 39.70 0.0 Horizontal

Notes: (1) Feet Above Mean Sea Level

{2} Fect Below Land Surface

dh = Difference of Elevation

di = Distance Between Midpoiats of Screen
I, = Veslical hydraulic gradient
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Table 3-6. Calculation of Vertical Gradients in Monitoring Well Clusters, Industri-Plex Site, Woburn, Massachusetts.

Page 9 of 10
Elevation Bottom | Elevation Midpoint Water Level dh gt) o di(f | Direction of Flow

Well ol Screen{1) | of Screen (1 April 17-19, 1991 April {7-18, 1991 April 17-18, 1591 April 1?-f9= 1991 Apnl 17-19, 1991
OwW-18 7.30 27.30 53.67

OW-18A 46.11 51.11 53.67 0 23.81 0 Horizontal
Ow-19 -12.5¢ 2.43 51.53

OW-19A 16.19 33.69 51.54 0.01 31.26 0.0003 Downward
OW-24A 325 37.57 52.38

OwW-24R -2.39 268 52.24 0.14 3489 0.004 Downward
OW-25A 43 48.07 51.52

Ow-258 2592 31.02 51.31 0.21 17.05 0.012 Downward
OW-26A 39.05 44.12 54.93

ow-268 20.04 253.11 54 .91 0.02 19.01 0.001 Downward
OW-27A 28.12 33.19 52.27

OW-278 -25.45 -20.37 51.35 092 53.56 0.017 Downward
OW-30A 4518 50.25 53.41

Ow-308 527 10.34 53.33 0.08 39.91 0.002 Downward
OW-33A 10.13 15.23 51.11

OwW-33B -29.55 -24.47 51.16 -0.05 39.70 0.001 Upward

Notes: (1) Feet Above Mean Sea Level

(2} Feet Below Land Surface

dh = Difference of Elevation

dl = Distance Between Midpoints of Screen
I, = Vestical hydraulic gradient
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Table 3-6. Calculation of Vertical Gradients in Monitoring Well Clusters, Industri-Plex Site, Woburn, Massachusetts. Pace 10 of 10
age 10 of

Elevation Bottom | Elevation Midpoint Water Level dh {hl dl (ft) l Direction of Flow
| Well of Screen (1) of Screen (1) May 13,1991 May13, 1991 May 13, 1991 May 13, 1991 May 13, 1891

Ow-18 7.30 27.30 53.89

OW-18A 4511 51.11 53.84 0.05 23.81 0.002 Lipward
ow-19 -12.57 2.43 5165

OW-19A 16.19 33.59 51.63 .02 31.26 0.0006 Upward
OW-24A 32.5 37.57 52.54

ow-248 -2.39 268 52.29 0.25 34.89 0.007 Downward
OW-25A 43 48.07 §1.39

ow-258 2592 .02 51.39 0.0 17.05 0.0 Horizontal |
OW-26A 29.05 44.12 55.33

OwW-26B 20.04 25.11 55.26 0.07 19.1 0.004 Downward
OwW-274 28.12 33.19 52.47

ow-278 -25.45 -20.37 51.60 0.87 53.56 0.016 Downward
OW-30A 4518 50.25 53,63

Oow-308 5.27 10.34 53.46 0.17 39.91 0.004 Downward
OW-33A 10.13 15.23 51.23

OW-338 -29.55 -24.47 51.28 005 39.70 0.001 Upward

Noles: {1) Feet Above Mean Sea Level

(2) Feet Below Land Surface

dh = Difference of Eievation

di = Distance Between Midpoints of Screen
I, = Vestical hydraulic gradient
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Table 3-7.

ow-12
OW-14
OW-18A
oW-17
OW-18
OW-6
OW-20
OW-194
oW-19
OW-4
OW-15
OW-9
oW-13
OW-1A
OW-1
OW-10
oW-11
OW-16
OW-21
OW-22
ow-28
OW-1

Ground-Water Sample Field Measurements at the Industri-Plex Site, Woburn, Massachusetts.

Date/Time of
Measurement

3-15-90/1100 hrs.
3-15-90/1215 hrs.
3-15-90/1350 hrs.
3-15-90/1505 hrs.
3-15-90/1635 hrs.
3-16-90/0945 hrs.
3-16-90/1310 hrs.
3-16-90/1515 hrs.
3-16-90/1700 hrs.
3-19-90/0950 hrs.
3-19-90/1055 hrs.
3-19-90/1345 hrs.
3-19-90/1510 hrs.
3-19-90/1730 hrs.
3-20-50/1030 hrs.
3-20-90/1200 hrs.
3-20-90/1420 hrs.
3-20-90/1530 hrs.
3-21-90/1040 hrs.
3-21-90/1240 hrs.
3-21-90/1400 hrs.
4-25-90/1500 hrs.

Water Color of
Ting
tan
orange
orange
brown
none
fan
black
tan
tan
orange
none
green-black
gray
tan
none
tan
orange
brown
gray
gray
brown

tan

Turbidi
low
moderate
moderate
low
clear
low
low
low
moderate
moderate
low
high
moderate
moderate
clear
low
moderate
low
low
moderate
high

moderate

Temperature

In Situ CC)

9.5

8.5

10

9.5
10.5
15

10

8.5

6.5
11
12
4.5
10

6.5
6.5

10

pH

7.15
5.87
6.27
7.01
5.65
6.36
6.83
6.47
6.01

6.95
6.07
7.38
7.02
6.56
6.67
5.34
6.39
7.80
5.95
6.34
6.60
6.17

Conductivity

|gm|!0§zcm !

4,200
520
860
5,670
1,020
540
420
340
440
960
550
920
990
210
1,210
220
340
17,880
360
1,900
190
470

£h(mV)

-91.7
+178.4
+207.0

-85.0
+191.7
+170.2
-164.0

+78.7
+120.8

+30.4
+137.5
-174.5
-141.5
+104.7
+57.0
+243.1
+50.3

-59.2
+113.0

-25.6
+128.2
+202.2
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Table 3-8.  Organic Compounds Detected in Upgradient and On-Site Monitoring Wells,
Industri-Plex Site, Woburn, Massachusetts.

L. Upgradient

Volatile Organic Compounds

chloroform
toluene

Semi-Volatile Compounds
bis(2-Ethylhexyl)phthalate
2, On-Site

Volatile Organic Compounds

acetone

benzene
chloroform
ethylbenzene
methylene chloride
toluene

xylenes

Semi-Volatile Compounds

benzoic acid
bis(2-ethylhexyl)phthalate
1,2 dichlorobenzene
2-methyiphenol
4-methylphenol
n-nitrosodiphenylamine
phenol

MO06609Dy.1D.3



Table 3-9.  Organic Compounds Detected in Downgradient (Off-Site) Monitoring Wells,
Industri-Plex Site, Woburn, Massachusetts.

Volatile Organic Compounds

benzene

chioroform
1,1-dichloroethane
1,2-dichloroethane
1,1-dichloroethene
1,2-dichloroethene
methylene chloride
toluene
1,1,1,-trichoroethane
trans-1,2-dichloroethene
trichloroethene
xylenes

Semi-Volatile Organic Compounds
ancenaphthene
1,3-dichlorbenzene

diethylphthalate
phenol

ROUX ASSOCIATES INC MO06609Dy.1D.3



Table 3-10.  Surface-Water Sampling Locations at the Industri-Plex Site, Woburn,

Massachusetts,

Sampling Location Description of Sampling Location

SW-1 North end of South Pond near flood retention dam

SW-2 West branch of the Aberjona River

SW-3 1-93 Drainway

SW-4 Northern branch of the Aberjona River

SW-5 Channeled section of the Aberjona River

SW-6 Unnamed Tributary

SW-7 New Boston Street Drainway

SW-§ 1-93 Drainway and Phillips Pond

SW-9 North end of Hall's Brook Holding Area

SW-10 Hall's Brook near raiiroad tracks

SW-11 Center of Hall's Brook Holding Area

SW-12 Channeled section of Aberjona River west of Commerce
Way

SW-13 Discharge of Hall's Brook Holding Area

SW-14 Hall's Brook Holding Area and Aberjona River
Confluence

SW-15 New Boston St. Drainway

SW-16 Atlantic Avenue Drainway

SW-17 Confluence of west branch and northern branch of

Aberjona River

ROUX ASSOCIATES INC
x MO06609Dy. ID.3



Table 3-11.

Surface-Water Elevation Data at the Indusctri-Plex Sice,

Woburn, Massachusetts.

Page 1 of 3

Elevatlion of

April 10, 1990

May 30, 1990

Depth to Water

Elevation of

Depth to Water

Elevation of

Measuring Folnt Depth of from Measuring Peolnt* Hater Table Depth of from Measuring Point* Water Table
Staff Gauge (ft above mean Surface Water (ft below (ft above mean Surface Water (fr below (ft above mean
Designation sea level) {(feet) measuring pelnc) sea level) (feet) measuring polnt) sea level)
S5W-1 T2, 44 -= - -- l.44 1.86 70.58
SW-3 71.695 Q.44 2.86 68.835 0.47 2.83 68.865
SW-7 71.725 0.78 2.52 69.205 1.60 1.70 70.025
SW-14 50.305 0.85 2.45 47.855 1.35 1.95 48.355
Telag Location (1) 64.53 1.81 1.49 63.04 2.62 0.68 63.8B%
Juns 20, 1990 June 26, 1950
Elevatlon of Depth to Water Elevation of Depth to Water Elevation of
Measuring FPeint Depth of from Measuring Point* Water Table Depth of from Measurlng Point* Water Table
Staff Gauge (ft above mean Surface Water (fr bhelow (ft above mean Surface Water (ft below (ft above mean
Designation sea level) {feet) measuring polnt) sea level} (feer) measurlng peoinc) sea level)
SW-1 72.44 0.66 2.64 68.48 0.60 2.70 69.74
SWH-3 71.695 0.40 2.90 BH.795 0.48 2.82 63.875
SW-7 71.725 0.76 2.54 69.185 Q.54 2.76 68,965
SW-14 50.305 Q.65 2.65 47.655 Q.56 2.74 47 .565
Telog Location (1) 64.53 1.37 1.93 62,60 1.00 2.30 62.23

NOTES :

A Measuring Polnt at 3.30 £t mark on steff gauge.
(1) Staff gauge located within Aber)ona River adjacent to PZ-1 and PZ-2,

MOO6609Dy .1D . 3



Page 2 of 3

Table 3-11. Surface-Water Elevatfion Data at the Industri-Plex Site, Woburn, Massachusetts.

July 17, 1990 August 13, 1390
Elevarion of Depth to Water Elevation of Depth to Water Elevation of
Measuring Polint Depth of from Measuring Point* Water Table Depth of from Measuring Polnt» Water Table
Staff Gauge {ft above mean Sucface Water {fr below (ft above mean Surfaca Water (fr below {ft above mean
Designation ses level) (feet) measuring point) sea level) (feet) measuring polint) sea level)
SW-1 72,44 0.50 2.80 69.64 1.06 2.24 70.20
5wW-3 71,695 0.38 2.92 68.775 0,40 2.%0 68 .80
SW-7 71.725 0.42 2.88 68 .845 0.56 2.74 68.99
SW-124 50.305 .52 2.78 47.525 1.05 2.25 4B8.06
Telog Location (1) 64.53 0.58 2.72 51.81 1.95 1.35 63.18
Seprember 26, 1990 December 7, 1990
Elevacion of Deprh to Watez Elevation of Depth to Water Elevatlion of
Messuring Polnt Depth of from Measuring Polnt# Water Table Depth of from Measuring Point¥ Water Table
Staff Gauge (fr above mean Surface Water (ft below (ft above mean Surface Water (fr below {ft above measn
Designation sea level) (feet) measuring point) sea level) (feer) measuring pelnt) sea level)
5W-1 72.44 0.65 2.65 69.79 1.74 1.56 70.88
5W-3 71.695 dry - -- 0.41 2.89 68.BOS
SW-7 71.725 0.46 2.8B4 68.885 0.58 2,72 69.005
SW-14 30.305 0.56 2.74 47 .565 0.80 2.50 47.805
Telog Locatlion (1)} 64.53 1.15 2.15 &2.238 1.48 1.82 62.71

NOTES:
* Measuring Point at 2.30 ft mark on staff gauge.
(1) Staff gaugs located within Aberjonsa River adjacent ta PZ-1 and PZ-2.

MO066090y 1D .2



Table 3-11. Surface-Water Elevation Data at the Industri-Plex Slte, Woburn, Massachuseccs.

Page 3 of 3

Elevarion of

February 26, 1991

May 13, 1991

Deprh to Water

Elevation of

Depth to Water

Elevation of

Measuring Point Depth of from Measuring Polnr* HWater Table Depth of from Measuring Point* Water Table
Staff Gauge (ft above mean Surface Water (fr below {ft above mean Sucface Water (ft below (ft above mean
Deslgnation sea level) (feer) measurlng peint) sea level) (feer) measuring pointg) sea level)
SW-1 72. 44 2.42 0.88 71.56 1.00 2,30 70.14
5W-~3 71.695% 0.40 2.90 68,795 0.42 2.90 68,795
5W-7 71.725 0.55 2.75 68.975 0.88 2.42 69,305
SH-14 50,305 n.7a 2.52 47 . 785 0.70 2.60 47,705
Telog Locatlen (1) 64.53 1.76 1.54 62.99 1.40 1.90 62,63

NOTES:

* Measuring Point at 3.30 ft mark on staff gauge.
(1) 6Staff gauge located within Aberjona River adjacent to FI-1 and PI-Z.

MO06609DyY . 1D.3



Page 1 of 2

Table 3-12. Surface-Water Discharge Measurements at the Industri-Plex Site,
Woburn, Massachusetts. ‘
April 19, 1990 June 20, 1990 July 17, 1990
High Flow
Average Average Average
Measurement  Veloecity Discharge Velocity Discharge Velocity Discharge
" Location {ft/second) (CFS) (ft/second) (CFS) (fr/second) (CF3)
sW-1 0.10 0.63 NM NM NM M
SW-2 0,13 0.17 NM ¢.15 (T) NM 0.0034 (T)
5W-3 0.01 0.001 NM NM NM NM
SW-4 0.20 0.62 NM KM NM NM
SW-5 0.97 5.53 0.71 2.38 0.07 <0.057
SW-6 0.03 0.15 NM NM NM NM
SW-7 0.25 0.72 NM NM NM NM
SW-8 0.11 0.09 NM NM NM NM
SW-9 0.02 (1) 24.68 (1) NM NM NM NM
gg—%? é.g? 1 5.08 0.67 2.37 0.23 0.60
- 0. 18,88 (1) NM NM NM NM
ABW- 0.0 ) 0,41 (2) 0.22 1.16 <0.01 <0.034
SW-13 0.26 5.49 NM NM NM NM
SW-14 0.79 9.86 0.58 4.02 0.19 1.20
5W-15 0.29 0.99 NM NM RM NM
SW-16 0.0 0.0 NM NM NM NM
SW-17 0.03 0.21 (2) 0.13 0.36 <0.01 <0.004
NOTES :
CFS  Cubic feet per second

(1

of the boat.

()
-

Data not considered representative due to equipment problems,
Timed bucket measurement.
Not measured; not required by GSIP Work Plan.

Measurement taken from a boat; therefore measurement was Iinfluenced by the movement

MOO6609Dy . 1D. 3



Table 3-12. Surface-Water Discharge Measurements at the Industri-Plex Site,
Woburn, Massachusetts.
July 31-August 3, 1990 August 21, 1990 September 26, 19%0
Low Flow
Average Average Average
Measurement  Veleocity Discharge Velocity Discharge Velocity Discharge
Location (ft/second) ({CFS) {(fr/second) (CFS) {(fr/second) {CFS)
SW-1 <0.01 <0.011 NM NM NM NM
S5W-2 <0.01 <0.0023 NM 0.35 (T) NM 0.16 (T)
54-3 dr dr NM NM NM NM
SW-4 0.2% 0.012 NM NM NM NM
SW-5 0.50 0.72 0.43 1.84 0.16 0.53
SW-5 0.22 0.50 NM NM NM NM
SW-7 0.17 0.29 NM NM NM NM
SW-8 dr dr NM NM NM NM
SW-9 o.fﬂ (1 15£r(1) NM NM NM NM
SW-10 0.72 2.11 0.71 2.54 0.35 1.10
SwW-11 0.06 (1) 106 (1) NM NM NM NM
SW-12 0.20 0.60 0.33 2.21 .09 0.52
SW-13 0.18 2.18 NM NM NM NM
SW-14 0.54 4,27 0.67 5.89 0.32 2.50
SW-15 0.23 0.93 NM NM NM NM
SW-16 drH dr% NM NM NM NM
SW-17 <(.06 <0.08 0.22 0.67 0.15 0.30
NOTES:
CFS  Cubic feet per second

(1)

(2)
(T)

Measurement taken from a boat;
of the boat.

Data not considered representative due to equipment problems.
Timed bucket measurement.

NM  Not measured; not required by GSIP Work Plan.

ROUX ASSOCIATES INC

therefore measurement was influenced by the movement

Page 2 of 2
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Table 3-13. Surface-Water Low Flow Sampling Fieid Measurements at the Industri-Plex Site, Woburn, Massachuseits.

Sampling Date/Time of Temperature pH Conductivity Eh Dissolved O,
Location/Designation Measurement {*C) (umhos/cm) {mV) (mg/L)

Sw-1 8-03-90/0950 hrs. 24 7.63 220 +]78.1 7.3
Sw-2 8-03-90/0830 hrs. 20 NA 3i0 +13.9 32
Sw-3 8-03-90/1425 hrs. -- -- -~ -- --
SW-4 8-02-90/1730 hrs. 27 6.35 540 +130.0 7.3
SW-5 8-02-90/1315 hrs. 24 6.55 400 +119.9 49
SW-6 8-02-90/0750 hrs. 10 7.57 1040 -1.4 5.0
SW-7 8-01-90/1800 hrs. 23 7.62 1180 +111.7 6.2
Sw-8 8-03-90/1145 hrs. 25 7.90 230 +169.0 10.2
SwW-9 8-01-90/0930 hrs. 2] 9.75 540 +155.3 4.9
SwW-10 8-01-90/1300 hrs. 22 7.03 600 +139.2 6.2
SW-11 7-31-90/1545 hrs. 27 9.92 470 +198.1 14
SW-12 8-02-90/1100 hrs. 19 5.61 400 +129.4 : 36
SW-13 7-31-90/1330 hrs. 27 6.79 460 +213.0 7.3
Sw-14 7-31-90/0930 hrs. 21 6.07 450 +120.2 6.5
SwW-15 8-01-90/1445 hrs. 23 9.89 1180 +120.7 6.1
SW-16 §-02-90/1000 hrs. -- -- -~ - -
SW-17 §-02-90/1650 hrs. 26 6.70 480 +39.9 **

-- Surface-water sampling location was dry; no sample collected.
bl No measurement taken due to instrument malfunction.
NA Nao data available.

ROUX ASSOCIATES INC MOU06609Dy.1D.3



Table 3-14, Stream Sediment Low Flow Sampling Field Measurements at the Industri-Plex
Site, Woburn, Massachusetts.

Sampling Sample Date/Time of pH Eh

Location Designation Measurement (1) (mV)
SW-1 SED-1 8-03-90/0950 hrs. 7.0 -226.4
SW-2 SED-2 8-03-90/0830 hrs. 6.4 -184.9
SW-3 SED-3 8-03-90/1425 hrs. 5.8 +108.4
SW-4 SED+4 8-02-90/1730 hrs. 7.5 +135.6
SW-5 SED-5 8-02-90/1315 hrs. 6.9 +23.5
SW-6 SED-6 8-02-90/0750 hrs. 7.9 -241.9
SW-7 SED-7 8-01-90/1800 hrs. 6.7 -1.5
SW-8 SED-8 8-03-90/1145 hrs, 6.0 +347.1
SW-9 SED-9 8-01-90/0930 hrs. 7.4 -239.9
SW-10 SED-10 8-01-90/1300 hrs. 7.1 +129.4
SW-11 SED-11 7-31-90/1545 hrs. 7.0 -204.7
SW-12 SED-12 8-02-90/1100 hrs. 6.8 +41.7
SW-13 SED-13 7-31-90/1330 hrs. 7.1 -205.1
SW-14 SED-14 7-31-90/0930 hrs. 6.9 -24.1
SW-15 SED-15 8-01-90/1445 hrs. 7.3 +205.4
SW-16 SED-16 8-02-90/1000 hrs. 6.7 -193.4
SW-17 SED-17 8-02-90/1650 hrs. 7.5 -178.3

South of CORE-1 8-03-90 5.6 +61.9
SW-13

(1)  laboratory measurement

ASSOCIATES
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Table 3-15. Concentrations of Total Suspended Solids and Surface Water
Discharge Estimates at SW-3, SW-7 and SW-14, Industri-Plex Site,

Woburn, Massachusetts.,

april 19, 1990 (High Flow)

July 31-August 3, 1990 (Low Flow)

Total

Total
Suspended Suspended
Solids Discharge Volume Solids Discharge Volure
Station (mg/L) {CFS} {1bs/day) {mg/L) {CFS) (1bs/day)
SW-3 8.5 0.001 0.45 dry 0 0
SW-7 5.0 0.72 19 .41 7.0 0.29 10.94
sW-14 <5.0 9.86 <265.00 9.0 4.27 207.00

CFS - Cubic feet per second.

mg/L - Concentration in milligrams per liter.

ROUX ASSOCLATES INC
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Table 3-16. Calculated Volumes of Suspended Sediment Discharge
During Low Flow Conditions, Industri-Plex Site,
Woburn, Massachusetts.

Total Volume of
Suspended Discharge Suspended
Solids (August, 1990 Sediment
Station (mg/L) in CFS} (lbs/day)
Sw-1 <3.0 <0.011 <0.290
SW-2 6.0 <0.002 <0.06
SW-3 dry dry 0
SW-4 5.0 0.012 0.324
S5W-5 <5.0 0.72 <19.41
SW-6 18.0 0.50 48.53
SW-7 7.0 0.29 10.94
SW-8 dry dry 0
SW-9 <5.0 (1) (1)
SW-10 <5.0 2.11 <56.89
SW-11 <5.0 (1) (1)
SW-12 <5.0 0.60 <16.17
5W-13 <5.0 2.18 <58.77
SW-14 9.0 4.27 207.0
SW-15 9.0 0.93 45.13
SW-16 dry dry 0
Sw-17 7.0 <0.08 <3.01

NOTE:

(1) Measurement not considered representative.

ROUX ASSOCIATES INC MO06609Dy . 1D.3



Table 3-17. Organic Compounds Detected in Aberjona River Surface-Water Samples,
Collected During July 31, 1990 to August 3, 1990 at the Industri-Plex Site,

Woburn, Massachusetts.

Upstream Site Boundary
SW-1
Di-p-butylphthalate, filtered
3 ug/L
On-Site
SW-4 SW-8 SW-17
Acetone 20 pg/L 3 pg/L
Methylene chloride 2 pg/L
Di-n-butylphthalate, filtered 2 pg/L 4 pg/L 1pg/L 6 pg/L
Downstream
SW-14 SW-5 SW-12
Methylene chioride 8 ug/L
Bis (2-Ethylhexyl)phthalate, unfiltered 1 pg/L
Diethyiphthalate, unfiltered 3 pg/L
Diethyiphthalate, filtered 2 pg/L
Di-n-butylphthalate, unfiltered 1 pg/L
Di-n-butylphthalate, filtered 4-ug/L 7 pg/L 20 pg/L
N-Nitrosodiphenylamine, unfiltered 1 ug/L
N-Nitrosodiphenylamine, filtered 1 ug/L

ROUX ASSOCIATES INC
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Table 3-18. Organic Compounds Detected in Hall's Brook Surface-Water Sampies
Collected During July 31, 1990 to August 3, 1990 at the Industri-Plex Site,
Woburn, Massachusetts.

Page 1 of 2
Upstream Site Boundary
SW-6
Chlorobenzene 2 pug/L
1,2-Dichloroethene, total
Methylene chioride
Toluene
Trichloroethene
Bis (2-Ethylhexyl) phthalate, filtered
Bis (2-Ethylhexyl) phthalate, unfiltered
Di-n-butylphthalate, filtered 3 ng/L
Phe;nol, filtered
On-Site

SED-7 SW-15 SW-10
Chlorobenzene 1 pg/L
1,2-Dichloroethene, total 6 pg/L
Methyiene chloride 7 ug/L 7 ug/L 7 ug/L
Toluene 2 ug/L 2 ug/L
Trichloroethene 6 pg/L 3 pg/L
Bis (2-Ethylhexyl) phthalate, filtered 1 pg/L
Bis (2-Ethylhexyl) phthalate, unfiltered 2 pg/L 4 ug/L 5 ug/L
Di-n-butylphthalate, filtered 3 pg/L 4 ug/L
Phenol, filtered 1 pg/L

ROUX ASSOCILATES INC MO06609Dy. 1D.3



Table 3-18. Organic Compounds Detected in Hall's Brook Surface-Water Samples
Collected During July 31, 1990 to August 3, 1990 at the Industri-Plex Site,

Woburn, Massachusetts.

ROUX ASSOCIATES INC

Page 2 of 2
Downstream

SW-9 SW-11  SW-13 SW-14
1,1,-Dichloroethane 3pg/lL 3pg/L 8pg/L 1 ug/L
1,2-Dichloroethene, total 11 pg/L 2 pg/L  2pg/L
Methylene chloride 7pg/L  8ug/L 8ug/L  8pg/L
1,1,1-Trichloroethane 4 pg/L 9 ug/L
Trichloroethene 11 pg/L. 3 pg/L
Xylenes, total 1 ug/L
Bis (2-Ethythexyl) phthalate, unfiltered 12 pg/L 1 pg/L
Bis (2-Ethylhexyl) phthalate, filtered 3 ug/L
Butylbenzylphthalate, unfiltered 2 pg/L
Diethylphthalate, unfiltered 3pg/L  3ug/L 3 ug/L
Diethylphthalate, filtered 3ug/L 2 pg/L 2 ug/L
Di-n-butylphthalate, unfiltered 1 ug/L
Di-n-butylphthalate, filtered Sug/L 1ug/L 6pg/L  4pg/L
N-Nitrosodiphenylamine, unfiltered 1 ug/L 1 pg/L
N-Nitrosodiphenylamine, filtered 1pg/. 1pg/L 1 pg/L

MO06609Dy.1D.3



Table 3-19. Summary of Stream Sediment Grain Size Data During Low Flow

Conditions, Industri-Plex Site, Woburn, Massachusetts,

Percent Percent Percent
Station Location Gravel Sand Silc/Clay
SW-1 South Pond 44 52 4
sSW.2 Aberjona 2 95 3
SW-3 I-93 Drainway 4 84 12
SW-4 Aberjona River 25 72 3
SW-5 Aberjona River 2 96 2
SW-6 Unnamed Tributary 1 53 46
SW-7 New Boston St. Drainway 28 59 13
sW-8 I1-93 Drainway 0 98 2
sSw-9 Hall's Brook Holding Area 0 5 95
SW-10 Hall's Broock 4 95 1
sW-11 Hall's Brock Holding Area 0 0 100
SW-12 Aberjona River 1 97 2
SW-13 Hall's Brock 0 13 87
SW-14 Aberjona River 1 98 1
SW-15 New Boston St. Drainway 3 93 4
sSW-16 Atlantic Ave. Drainway 18 42 40
SW-17 Aberjona River 25 71 4
Core 1 Hall's Brook 0 96 4
0.2-0.5 fr.
ROUX ASSOCIATES INC MO06609Dy.1D.3



Table 3-20.  Organic Compounds Detected in Aberjona River Stream Sediments
Collected During July 31, 1990 to August 3, 1990 at the Industri-Plex Site,

Woburn, Massachusetts. Page 1 of 2
Upstream Site Boundary
SED-1 SED-3

Methylene chloride 7 ng/kg 7 ng/kg
Toluene 6 ug/kg

Bis (2-Ethylhexyl) phthaiate 160 pg/ke
On-Site

SED-2 SED-+4 SED-17 SED-8

Acetone 22 ug/kg
Methylene chloride 6 ug/kg S wug/kg 4 ng/kg 7 pg/kg
Anthracene 320 pg/kg

Benzo (a) anthracene 870 ug/kg

Benzo (a) pyrene 600 pg/kg

Benzo (b) fluorene 1000 ug/kg 140 ug/kg

Benzo {(g,h,i) perylene 350 pg/kg

Benzo (k) fluoranthene 1000 pg/kg 140 pg/kg

Chrysene 880 ug/kg

Fluoranthene 1500 ug/kg 130 pg/kg

Indeno (1,2,3-cd) pyrene 410 ug/kg

Phenanthrene 990 pg/kg

Pyrene 1500 pg/kg 120 pg/kg

Benzoic acid 1300 pg/kg

Bis (2-Ethylhexyl) phthalate 110 pg/kg

MO06609Dy. 1D.3



Table 3-20. Organic Compounds Detected in Aberjona River Stream Sediments
Collected During July 31, 1990 to August 3, 1990 at the Industri-Plex Site,
Woburn, Massachusetts. Page 2 of 2
Downstream
SED-5 SED-12 SED-14
2-Hexanone 9 pg/kg
Methylene chloride 4 ug/kg 4 ug/kg 2 pg/kg
4-Methyi-2-Pentanone 2 pg/kg
Tetrachloroethene 3 ng/kg
Trichloroethene 2 pg/kg
Anthracene 200 pg/kg 2900 pg/kg
Benzo (2) anthracene 770 ug/kg 11000 pg/kg 480 ug/kg
Benzo (a) pyrene 770 ug/kg 9900 pg/kg 410 pg/kg
Benzo (b) fluoranthene 1900 ng/kg 21000 pg/ke 340 pg/kg
Benzo (g,h,i) perylene 310 pg/kg 4200 pg/kg 290 pg/kg
Benzo (k) fluoranthene 1900 pg/kg 21000 pg/kg 340 pg/kg
Bis (2-Ethylhexyl) phthalate 320 pg/kg 1300 pg/kg 630 png/kg
Chrysene 1100 pg/kg 13000 ug/kg 630 ng/kg
Fluoranthene 1600 pg/kg 24000 ug/kg 1300ug/kg
Indeno (1,2,3-cd) pyrene 330 ug/kg 4200 pg/kg 290 pg/kg
Phenanthrene 910 pg/kg 17000 pg/kg 360 pg/kg
Pyrene 1500 ng/kg 22000 ug/kg 1100pg/kg
Dibenzo (a,h) anthracene 2600 pg/kg 1100 pg/kg
Dibenzofuran 540 pg/kg
2,4-dinitrotoluene 2900 pug/kg
Butylbenzylphthalate 1600 ng/kg
3,3"-Dichlorobenzidine 3300 ug/kg

ROUX ASSOCIATES INC
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Table 3-21. Organic Compounds Detected ir Hall's Brook Stream Sediments collected During July 31, 1990 to

August 3, 1990 at the Industri-Plex Site, Woburn, Massachusetis. Page 1 of 3

LUpstream Site Boundary
SED-6

Acetone 230 ug/kg
Chlorobenzene 440 pg/kg
Toluene 250 pgfke
1,2-Dichloroethylene
Trichioroethene
Bis (2-Ethylhexyl) phthalate 7900 pg/kg
Fluoranthene 1200 pg/kg
Phenanthrene 1000 pg/kg
Pyrenc 1200 ug/kg
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Table 3-21. Organic Compounds Detected in Hall's Brook Stream Sediments Collected During July 31, 1990 to

August 3, 1990 at the Industri-Plex Site, Woburn, Massachusetts. Page 2 of 3

On-Site

SED-7 SED-15 SED-10 SED-16
Acetone 170 ug/kg
1,2-Dichloroethylene 2 pg/kg
Methylene chloride 6 pg/kg 3 ug/kg
Tetrachloroethene 11 ug/kg 2 ug/kg
Trichloroethene 3 ugfkg 3 ug/kg
Acenaphthylene 180 ug/kg
Anthracene 770 pg/kg 1700 pg/kg
Benzo (a) anthracene 1200 pg/kg 15000 pg/kg
Benzo (a) pyrene 860 ug/kg 12000 pg/kg
Benzo (b) fluoranthene 1600 pg/kg 27000 ug/kg
Benzo (g,h,i) perylene 310 pg/kg 5700 pg/kg
Benzo (k) fluoranthene 1600 g /kg 27000 pug/kg
Bis (2-ethylhexyl) phthalate 94000 pg/kg 5200 pg/kg 290 pg/kg 3500 pg/kg
Chrysene 1200 pg/kg 13000 pg/kg
Dibenzo (a,h) anthracene 120 ug/kg 3100 pg/kg
Dibenzofuran 170 ug/kg
Fluoranthene 2800 ug/kg 22000 pg/kg
Fluorene 240 pg/kg
Indeno (1,2,3-cd) pyrene 410 pe/kg 5800 pg/kg
N-Nitrosodipbheaylamine 100 pg/kg
Phenanthrenc 3200 pg/kg 9900 pg/kg
Pyrenc 2300 pg/kg 22000 ug/kg
ROUX ASSOCIATES INC MQO06609Dy. 1D.3



Table 3-21. Organic Compounds Detected in Hall's Brook Stream Sediments Collected During July 31, 1990 to

August 3, 1990 at the Industri-Plex Site, Woburn, Massachusetts. Page 3 0of 3
Dgownstream
CORE-1

SED-9 SED-11 SED-13 05-0.9 SED-14
Acetone 470 pg/kg 400 ug/kg
Benzene 2100 ug/kg 160 pg/kg 200 pg/kg
2-Butanone 47 pg/kg 7 pg/kg
1,2-Dichloroethane 28 ugfkg
Ethylbenzene 40 pg/kg 39 pg/kg
Methylene chloride 39 pg/kg 2 pgfkg
Total Xylenes 150 pg/kg
Anthracene 1500 pg/ke
Benzo (a) anthracene 2900 ug/kg 1200 ug/kg 480 pg/kg
Benzo (a) pyrene 2700 pg/kg 1000 pg/kg 410 pg/kg
Benzo (b} fluoranthene 2400 pg/ke 1100 ug/kg 340 pg/kg
Benzo (g,h,i) perylene 1900 ug/kg 290 pug/kg
Benzo (k) fluoranthene 2400 ug/kg 1200 pg/kg 340 pg/kg
Bis (2-Ethylhexyl) phthalate 78000 ug/kg 29000 pg/kg 230 pgfkg 360 pg/kg
Chrysene 4500 pg/kg 1800 pg/kg 630 ug/kg
Dicthyiphthalate 2100 ug/kg 1900 pg/kg
Fluoranthene 8300 ug/kg 3200 pg/kg 1300 ug/kg
Indeno (1,2,3-cd) pyrene 1900 ug/ke 290 pg/kg
Phenanthrene 7100 pg/kg 2800 pg/kg 360 pg/kg
Pyrene 6600 pg/ke 2600 pg/kg 1100 pg/kg
Butylbenzyiphthalate 1600 ug/kg
3,3-Dichlorobenzidine 3300 pig/kg

ROUX ASSOCIATES INC

MO06609Dy. 1D.3



Table 3-22.  Concentrations of Arsenic and Semi-Volatile Organic Compounds in Stream-Sediments, Industri-Plex Site, Woburn,

Massachusetts.
Semi- Volatile PDI @
GSIP Sampling Arsenic Organic Compounds | Sampling Arsenic
Locations Location {mg/kg) (mg/kg) Locations Location (mg/kg)
" SW-1 South Pond 4.8 0.16 3 MNew Boston 5t. Drainway 122.9
" SW-2 Aberjona River 371.0 9.42 4 New Boston St. Drainway 245.3
SwW-3 1-93 Drainway 28.4 0 5 New Boston St. Drainway 259.0
Sw-4 Aberjona River 4.2 3.10 6 New Boston St. Drainway 232.0
SW-5 Aberjona River 12.5 i1.61 12 Atlantic Avenue Drainway 8.4
SW-6 Unnamed Tributary 154.0 11.3 13 Atlantic Avenue Drainway 602.7
SW-7 New Boston St. Drainway 1.58 94.0 14 Atlantic Avenue Drainway 73.1
Sw-38 1-93 Drainway 2.6 0 15 Atlantic Avenue Drainway 37.2
SW-9 Hall's Brook Holding Area | 9,830.0 o 16 Atlantic Avenue Drainway | 3,453.3
Sw-10 Hail's Brook 170.0 .29 17 Atlantic Avenue Drainway 412.3
SW-11 Hall's Brook Holding Area 1,750.0 122.3 18 Aberjona River 16.3
Sw-12 Aberjona River 9.4 157.54 19 Aberjona River 171.6
Sw-13 Hall’s Brook 1,330.0 458 20 Aberjona River 90.2
Sw-14 Aberjona River 20.6 10.8 21 Aberjona River 459
SW-15 New Boston Street 31 2226 22 Aberjona River 332
Drainway
SwW-16 Atlantic Avenue Drainway 928 167.7 23 Aberjona River 103.4
SW-17 Aberjona River 58.6 1.94 24 Aberjona River 47.7
Core-1 Hall’s Brook 99" 23@ 25 Aberjona River 1322 H
NOTES:
Detection limits ranged from 1,800 mg/kg to 8,900 mg/kg.
@ Average concentration from 3 samples collected.
Golder Associates [nc., PDI-Task S-1, Hazardous Substances in Wetlands and Surface-Water Sediments.
o 0.5-0.9 ft depth o
) 0.2-0.5 £t depth

1400660 1D.3
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TION DATA (MA

' TABLE 3-23 CHROMIUM GROUND-WATER SPECIA RCH 1990)
INDUSTRI-PLEX SITE, WOBURN, MASSACHUSETTS
Cr (Total) Cr % Dissolved Cr(VI) Cr(Il) | pH TOTAL Fe
(dissolved) mg/L

,})W-IZ 39 36 92 <10 >29 7.2 13.9

QwW-16 160 138 86 <10 >150 178 6.7 41

Oow-17 38 27 71 <10 >28 7.0 16

Qw-22 153 4 3 <10 >143 |63 50.3

OW-28 | 326 <3 |1 - ? 66 |226 |
Note: Cr(VI) analyzed on unfiltered, unacidified samples.

MO06609Dy.1D.3



TABLE 3-24 SUMMARY STATISTICS FOR LOG TRANSFORMED PHASE II R] SOILS
DATABASE,* INDUSTRI-PLEX SITE, WOBURN, MASSACHUSETTS

As Cu Cr Pb Hg Zn
NUMBER OF CASES 819 1,023 1,002 625 657 1,041
MINIMUM 1 0.20 0.30 4.9 0.06 1.0
MAXIMUM 31,000 23,000 81,000 54,000 22,000 130,000
MEAN 67 74 52 610 1.1 180
VARIANCE 33 S0 88 17 12 33
STANDARD DEVIATION 6.7 7.2 8.3 5.4 4.8 6.5
STANDARD ERROR 1.1 1.1 1.1 1.1 1.1 1.1
SKEWNESS 11 12| 200 o8| 66 14
KURTOSIS 1.7 057( 11| 071 1,500 0.82
*Roux Associates, Inc., 1984 o

ROUX ASSOCIATES =

MO06609Dy.10.3




TABLE 3-25 COMPARISON BETWEEN GEOMETRIC MEAN METAL CONCENTRATIONS IN
INDUSTRI-PLEX PHASE II SOILS DATA WITH RANGE OF BACKGROUND

CONCENTRATIONS
REPORTED FOR SOILS OVERLYING GNEISS*
INDUSTRI-PLEX SOILS RANGE IN AVERAGE RATIO OF
SOILS OVERLYING INDUSTRI-
GNEISS PLEX:AVERAGE

As 70 0.7-15 5
Cu 74 7-70 1
Cr 52 4-25 2
Hg 1.1 0.01-0.14 8
Pb 602 10-50 12
Zn 181 30-125 1.5

*Kabata-Pendias and Pendias, 1984

ROUX ASSOCIATES INC  MO06609Dy.1D.3



TABLE 3-26 CORRELATION COEFFICIENTS AND FREQUENCY TABLE FOR PHASE II RI
SOILS DATABASE.] CRITICAL CORRELATION FOR n=500 IS 0.12 AT THE
1% LEVEL?

" PEARSON CORRELATION MATRIX -

As Cu Cr Pb Zn

As 1.00

Cu 0.71 1.00

Cr -0.02 0.16 1.00

Pb 0.72 0.65 -0.08 1.00

Hg 0.48 0.30 0.04 0.37 1.00

Zg (.54 0.80 0.32 .49 011 1.00
As Cu Cr Pb

As 819

Cu 814 1023

Cr 782 983 1002

Pb 596 619 594 625

Hg 609 648 625 621 657

Zn 819 1022 1002 625 625 1041

lRoux Associates, Inc., 1984
Snedecor 1956

MO06609Dy.1D.3 i ‘
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TABLE 3-27  RESULTS OF LOGNORMAL TRANSFORMATION AND
COMPUTATION OF t-STATISTIC FOR As, Cr AND Pb
INDUSTRI-PLEX SITE WOBURN, MASSACHUSETTS

—  — —  — ———— ——

HIDES NO HIDES
As Cr Pb As Cr Pb
No. of cases 111 131 1.2 1358 1527 1127
Mean *(log,) 3.15 6.54 4.71 3.93 3.73 574
o*(log,) 1.47 1.66 1.54 1.96 1.86 2.02
BARTLETT'S TEST RESULT
b bo:'rili(:al
As 1.06 0.98 Thidesol = Tno hide soil
CT 0'98 088 0’zhide soil = azno hide soil
Pb 0.99 0.98 Chide sot = Ono hide soil
t-STATISTIC* RESULT
As 4.1 hide soil # no hide soil
Cr 16.8 hide soil # no hide soil
Pb 4.8 hide soil = no hide soil

*The critical values of t for > 120 degrees of freedom at the 5% level assuming a two-
tailed test is 1.96 (Davis, 1986)

? original units prior to transformation were mg/kg.

ASSOCIATES
ROUX NC MOOG609Y. 1.3



TABLE 3-28, CORRELATION MATRIX FOR TRANSFORMED,
STAN DARDIZED GROUND-WATER DATA COLLECTED

SACHUSE'ITS
PEARSON CORRELATION MATRIX

AS
BA

Ccu

MG
MN
NI

NA

ALK
EH
PH
S04
PO4
TOC
TSS
COD

ETWEEN 3/1 0 AND 4/2
INDUSTRI PLEX SITE

AL

1.000
-0.139
-0.250
-0.176

0.150
-0.219
-0.176
-0.352

0.001
-0.117
-0.337
-0.146
-0.012
-0.083

0.190
-0.082
-0.464
-0.317
-0.320
-0.084

0.011

FE
1.000
0.475
0.411
0.083
0.353

-0.010
0.276
0.125
0.550

AS

1.000
0.442
0.051
-0.259
0.618
0.530
-0.005
0.640
0.615
0.307
0.767
-0.109
0.718
-0.518
0.614
0.160
0.624
0.025
0.292
0.758

MG

1.000
0.044
0.508
0.747
0.564
0.717
-0.367
0.900

BA

1.000
-0.060
0.008
0.465
0.396
0.121
0.418
0.276
0.044
0.536
0.172
0.360
0.097
-0.043
0.001
0.446
0.099
0.089
0.417

MN

1.000
-0.356
0.025
-0.035
-0.240
0.242
0.082

CA

1.000
-0.153
0.466
0.581
0.405
-0.290
0.314
0.355
-0.032
-0.013
0.436
-0.431
0.237
0.389
0.464
0.839
0.005
0.319

NI

1.000
0.496
0.215
0.893
-0.173
0.596

Page 1 of 2

CcU

1.000
-0.215
-0.328
-0.054
-0.054
-0.150
-0.134
-0.149

0.597
-0.415

0.528
-0.589

0.038
-0.209

0.020
-0.388
-0.091

1.000
0.576
0.656
-0.083
0.765

MOO06609Dy. 1D. 3



TABLE 3.28. CORRELATION MATRIX FOR TRANSFORMED,

STANDARDIZED GROUND-WATER DATA COL
TWEEN 3/15/90 AND 4/25

BE! ]
INDUSTRI-PLEX SI

BURN,

PEARSON CORRELATION MATRIX

(continued) FE
EH -0.409
PH 0.152
S04 0.113
PO4 0.443
TOC 0.495
TSS 0.099
COD 0476
NA
NA 1.000
\4 0.454
ZN -0.234
ALK 0.396
EH -0.425
PH 0.545
S04 0414
PO4 0.718
TOC 0.341
TSS 0.053
COD 0.420
PH
PH 1.000
S04 0.359
PO4 0.596
TOC -0.022
TSS 0423
COoD 0.521
CoD
COD 1.000
ROUX ASSOCIATES INC

MG
-0.573
0.621
0.256
0.905
0.398
0.344
0.781

1.000
-0.265
0.758
-0.333
0.600
0.089
0.792
-0.096
0.323
0.789

S04

1.000
0.320
0.303
-0.172
0.144

MN
-0.124
-0.195

0.385
0.037
0.448
0.026
0.013

1.000
-0.377
0.602
-0.621
0.016
-0.241
0.301
-0.647
-0.047

PO4

1.000
0.335
0.275
0.799

LECTED

90
ACHUSETTS

NI
-0.158
0.485
-0.015
0.592
-0.365
0.295
0.709

ALK

1.000
-0.578
0.683
0.198
0.846
0.161
0.477
0.805

TOC

1.000
-0.243
0.237

Page 2 of 2

-0.409
0.484
0.148
0.760
0.294
0.243
0.739

EH

1.000
-0.778
-0.345
-0.503
-0.282
-0.432
-0.415

TSS

1.000
0.159

MOO06609Dy. 1D.3



WOBURN, MASSACHUSETTS

TABLE 3-29 SATURATION INDICES FOR SELECTED MONITORING WELLS, INDUSTRI-PLEX SITE, "

OwW-21

Oow-12

OwW-17

B -"_2.0.;7?;;- i D

OW-19A

OwW-7

Gypsum (CaS0,.2H,0)

2.0

-16 0.2

-0.4

-1.8

Lepidocracite (yFeO.OH) |

07

”0'6

Goethite (FEOOH)

,,:Ai'r_q.3;ff:fi. . S

: 24

Siderite (FeCO,)

2.7

1.5 0.5

-0.1

Vivianite [Fe,(PO,);]

-84

1.9 0.1

-1.5

Barite (BaSO,)

0.4

-13 1.1

0.6

-0.6

-1.6

Charge imbalance

+20%

-80%

I Ionic strength

0.005

0.1 0.06

Negative charge imbalance = anion excess.

Positive charge imbalance = cation excess.

MOO06609Dy.1D.3
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TBL4-1.WR1 TABLE 4.1
DESCRIPTIVE STATISTICS FOR TOTAL METALS
MEASURED IN SURFACE WATER
Groundwater/Surtace Water Investigation Plan
fndustri-Plex Superiund Sita
Woburn, MA
[ 1 2 3 4f] 5 56
METALS (Total) DETECTION | FREQUENCY RANGE FOR MEAN FOR RANGE FOR LOCATION | MEAN FOR siTes RAN!(!NG
LT OF REFERENCE REFERENCE | SITE AREAS QF MAXIMUM\ SITE | REFERENCE METHOD
DETECTION AREAS AREAS | VALUE AREAS [] maTiO BACK- |TOXICITY
GROUND | SCREEN
i c ] MIN_ | MAX 4 MIN T MAX :
Aluminum 15 200 8/ 15 ND 108.0 870 ND 846 sW-7 2521 0.4 16
Anlimony 19 80 21 15§ ND ND 05 ] 201 257 SW-15 1nof: 12 1 1
Areenic 2 10 w0/ a5y ND 1.0 10 ND 400 SW-2 17k 78 1 2
Barium 11 200 47 1s) 185 310 23l ND 87.7 sSW-8 247 1.1 12 [
Calclum 14 | 5000 157 1511 151000 20.800.0 234087 || 20.4000 55000 Sw-9 32031.2 14 10
Chromium af 10 0 15§ ND 3.0 20 ND 826 SW-7 59 3.0 4 2
Cobalt |l so 11 s ND ND ND 51 sw-15 17 11 13
Copper al s 1t 15) ND 57 ND 1.5 sw-9 as 18 ® ]
Iron 3 100 571 18 9240 1,160.0 448.0 4880 Sw-8 10283 18 5
Lead 2 5 13t 1s) 22 43 ND ae SW-10 33 1.0 15 1
Magnesium 23 | 5000 151 1§ 28400 47100 4.780.0 11500 Sw-9 6491.1 §;; 1.7 [}
Manganase 1 15 151 sf 833 144.0 197.0 1840 SW-15 5976 | 57 2 3
|Potassium 428 | 5000 1 18] ND 32000 24800 11800 Sw-8 48348 | 40 3
Sitver 2z 10 11 18 E ND ND ND 2 SW-1a 11 11 14 7
Sodium 18 | sooo 15 1 151 10,1000 60,2000 9.820.0 148000 SW-7 431600 | 1.8 8
Zinc 8| 20 12 1 15 14.3 20.3 ND 278| sw-¢ 28.2 f 1.7 7 5
1
All velues are ppb. Duplicate eamplas ware averaged logether. Relerence areas are upstraam of the sile (SW-1, 4, and 8}.
Site sreas are afl samples exclusive of the reference area. Daia v prasented in tabular form In Appandix C.
2
| = Insttument; C = Contract Raquired. Samples below the instrument Detaction Limil were not included In the database.
3
Beryllium, cadmium, marcury, nickel, selentum, thalllum, vanadium, and tin were not dectecled abova the instrument
detection limit. SW-3 and SW-16 were dry &t the low low sampling perlod.
4
The sample mean la tha geomettic mean, using one-hail of the insirument detection limit for trace andfor non-detected values.
Note that, because non-detects are consldared one-hail of the detection limit when calculating means, some metals may have
means that are Jower than the minimum valua for that datassl.
5
The metals have been ranked using two different methods. The BACKGROUND method divides the site area mean by lhe reference araa
mean and ranke the ratios In descending ovder. A ratio greater than one indicates that the mean metal concentratlon for the slte
areas exceed the mean metal concentration for the reference areas. Nole that ratloe which had non-detects (ND) fot the refarence
area may be biased. The TOXICITY method uses the "concentration-toxicity screening method” developed In RAGS. Thie method divides
the maximum delectad concentration by a toxicity value [RIDY) and rank orders the quotient in decending order. It is generally intended
to asslet in the indicator ealection process, bul does not take tnlo account frequency of detaclion or exposure.
a
RID used lor chrorium was lor Gr(itl). RDs for copper and lead were calculated from the Federal MCL. MOG6609Dy.1D.3
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THL4-2 WR1 TABLE 4.2

CESCRIPTIVE STATISTICS FOR DISSOLVED METALS
MEASURED IN SURFACE WATER

Groundwater/Suriace Waler Investigation Plan
Industri-Plex Superiund She

Woburn, MA
! zﬂ 3| 4L 5
METALS (Dissolved) DETECTION | FREQUENCY [  RANGE FOR MEAN FOR | RANGE FOR LOCATION 4  sTe SITE
LiMIT OF '} REFERENCE REFERENCE | SITE AREAS OF MAXIMUM|  SITE | | REFERENGE | RANKING
DETECTION AREAS AREAS | VALUE AREAS 1] RATIO
T NE MmN | MAX JTMN | Max
Aluminum 15 200 87 15 ND 204 105 |: ND 191 sW-12 a3 4
Antimony 1w s0 37 15F ND ND 130 [ ND 248 SW-15 0.8 13
Areenic z| 0 1271 15} ND ND 10 [ ND 245| swW-2 8.1 3
Barlum 1| =200 151 15} 148 27.3 190 238 100 SW-0 20 5
Calcium 14 | 5000 15 7 15} 185500 31,2000 251703 |- 27200 56300 sSw-8 13 ®
Copper 3| 25 27 15) ND ND 15 ND ‘4 SW-14 1.3 10
fron 3| 100 147 15F 3395 5120 4122 | ND 1670 sW-2 10 12
Magnasgium 23| 5000 15 ¢ 151 31700 49300 3995.0 | 4850 11800 swW-8 1.7 7
Manganese 1} 18 157 15k 473 078 a7t | 191 2000 | sSw-o 8.8 2
Potassium 428 | 5000 154 15| 1es00  asro0 26082 |: 2460 125001  Sw-8 18 ]
Siver 2] 10 21 15§ ND ND 10} ND 24 Sw-8 11 n
Sodium 18 | s000 157 15| 106000 66,1000 269280 f{ 10800 148000 sW-7 16 8
Zinc ¢] 20 121 15k ND 84 42 f ND 276 SwW-8 473} 1.2 1
7

All valuas are ppb. Duplicate samples wete averaged togather. SW-3 and —18 ware dry at the Uime ol sampling. Relerence areas
are considered upstream of the eile {SW-1, -4, -8). Site araas are all sampies exclusivs of the refeience area. Database Includes
qualitative data and ie presented in tabular form in Appendix C.

2

} = Instrument; C = Contract Required. Samplan bajow the Instrument Detection Limit were not Includad in the databage.

3

Beryllium, cadmium, chromlum, cobalt, lead, mercury, nickel, salanium, thallium, vanadium., and tin were not

detected above the instrument detection limit. SW-3 and SW-1€ were dry at the low flow sampling period.
4

The sample mean is the geomelric maan. using one—hall of the instrument detection limit for trace and/or non—deteclad valuss.
Note that, bacause non—detects are considered one—hall of the detection limit when calculating means, some metals may have

means that are higher than the minimum value for tha! dataset.
5

The metais have been ranked. based on the site area/reference area ratio, lo gain perepectiva on the relative amounts of

dissoived melal pressnt in the waler, A ratio greater than one Indicates thal the mean melal concentration for the site areas

exceade the mean matal concentration lof the reference areas. Note lhat ratios which had non—detects for the referenca

area may be biasad, &.9. the reference area mean lor arsenic is wholly based on using one-ha!f of the detaction limit. There-

lore, arsenic may ba ranked lower than that ¢lted hera. MOWD}?. ID3
- .x S ‘ INC | | | | i | | | | { | | |




TBL4-3.WA1

TABLE 4.3

DESCRIPTIVE STATISTICS FOR VOLATILE ORGANIC COMPOUNDS
MEASURED iN SURFACE WATER

Groundwater/Surface Watar Investigation Plan
Industri-Plex Supertund Slte

Woburn, MA
2 3
COMPOUND NAME DETECTION FREQUENCY RANGE LOCATION MEAN
LIMIT CF OF MAXIMUM (ppb)
DETECTICN VALUE [N = 15]
0] {C) MIN | MaAx
Acalone 2 10 11 15 ND 2 Sw-8 1.0
Chlorobenzene 1 5 21 15 ND 2 SW-6 0.S
Dichiorosthane, 1,1- 1 5 17 15 ND 3 Sw-3 05
Dichloroethens, 1,2- 1 5 41 15 ND 1 Sw-g 08
Mathylena chioride 2 5 B1 15 ND 8 sSw-11 27
Toluene 1 5 21 15 ND 2 Sw-7 0.6
Trichlorosthane, 1,1,1- 1 5 2141 15 ND 9 Sw-13 0.7
Trichlorosthena 1 5 41 15 ND N Sw-9 0.9
Xylanss (tolal) 1 5 1/ 15 ND 1 Sw-11 0.5
1
Al values are ppb. Duplicate samples were averaged together. Stations SW-3 and SW-16 ware dry at the time of sampling.
SW-1, -2, -5, -12, and -17 had no detectable levels ol volatile organic compounds. The majority of this database consists of
qualitative data, which is presented in fabular form in Appendix C.
2
| = instrument; C = Contract Required. Values below tha Instrument Detection Limit wera nol included in the dalabase.
3 '
The sample mean Is the geomelric mean, using one-haif of the instrument detection limit for irace and/or non-detected values.
Note that, using this procedure, the mean valua may be less than the minimum value cited.

MO06609Dy.1D.3




TBL4-4 WA

TABLE 4.4

DESCRIPTIVE STATISTICS FOR SEMIVOLATILE ORGANIC COMPDUNDS
MEASURED iN SURFACE WATER

Groundwater/Surface Watar Invesligation Plan
Industrl-Plex Superfund Site

Woburn, MA
1 2 3
COMPOLIND NAME DETECTION FREQUENCY RANGE LOCATION MEAN
(Unfilterad Samples) LIMIT OF OF MAXIMUM {ppb)
DETECT ION VALUE [N = 15]
{n (%] MIN | MAX
Butyibenzylphthalate 5 10 1/ 15 ND 2 Sw-11 25
Di-n-butylphthalata 3 10 17 15 ND 1 SW-14 15
bis (2-Ethylhexyl) phihalate 4 10 51 15 ND 12 Sw-11 2.4
Diethylphthaiate 4 10 37 15 ND 3 (sea 4) 2.2
N-Nitrosodiphanylamine 5 10 11715 ND 1 sw-11 24|
1
All values ara ppb. Duplicate samples were averaged together. Stations SW-1, -2, -4, -5, -6, -8, -9, -12 and -17 had
no detectable lavels of samivolatile compounds. The maority of this database consists of qualitative dala, which Is
presanted In tabular lorm in Appendix
2
| = Instrument; C = Conlract Required. Values below the Instrument Detection Limil were not included in tha database.
3
The sample mean |s the geometric mean, using one-half of the instrument datection Hmit for trace and/or non-delected valuas.
4
SW-11, -13, and 14 all had concentrations of 3 ppb diethylphihalate.
MO066090y.1
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TBL4-5.WR1

Yable 4.5

DESCRIPTIVE STATISTICS FOR SELECTED WATER QUALITY PARAMETERS

OF UNFILTERED SUAFACE WATER SAMPLES

Industri-Plex Superlund She

Woburn, MA
2 3 4
DETECTION |[FREQUENCY RANGE LOCATION | MEAN
1 LMIT OF [OF MAXIMUM| [N = i5)
CHEMICAL PARAMETER ) DETECTION[ MIN | MAX VALUE
Alkalinity, Bicarb. as CaCCa 50 57 15| 218 300.0 [ SW-6 80.8
Chemical Oxygen Demand 20.0 15 1 18 200 90.7 sSw-2 29.5
Chioride 60| 15/ 15 117 1770  SW-7 60.1
Hardness 15/ 15] 504 185.0 | Sw-§ 101.6
Total Organic Carbon (96) 05| 151 15 55 53| SW-§ 85
Orthophosphate as P 0.010 1115 0.9 0.1 Sw-10 0.01
Phosphorous, total 005! 13/ 15 0.1 02| sw-6 0.1
Sulfate 50| 157/ 15| 195 1520| sw-7 48.2
Suspended Solids (total) 5.0 71 15 6.0 3.0 Sw-8 4.9
oH 111 15 5.6 79| Sw-8 1.0
1

All units in mg/kg dry waight, except for pH and Iolal organic carbon (% dry welight).
Databasa Includes qualitative data. Duplicate samplas were averaged together.

Hardcopy of complete database presented in Appendix C.
2

The detection limit for the majority of analysas (l=instrument; CR=conlract required).
The detectlon limit may vary for indlvidual samples.
|

The location for the lowest pH value was SW-12 (pH = 5.6).

4

The sample mean is the geomatric mean, using one-half of the Instrument detectlon imh
for trace and/or non-detected vaiuas. Note that, using this procedure, the mean value
may be less than the minimum value cited for the sampling round.

MO06609Dy.1D.3



Table 4.9
DESCRIPTIVE STATISTICS FOR TOTAL METALS (ppm) MEASURED |8 SEDIMENT

QroundwateriSurtace Water Inveviigation Plan
Industri-Plex Supedund Sie

Woburn, MA
2 47 1
1 DETECTION | FREQUENCY |/{ RANGE FOR MEAN FOR RANGE FOR LOGATION SME RANKING
METAL LiMITs OF .| REFERENCE | REFERENCE | SITE OF MAXIMUM REFERENCE METHOD
DETECTION | AREAS AREAS : AREAS VALUE RATIO BACK- | Toxicmy
M | L MIN ] max N | aax GROUND{ SCREEN
Aluminum 16 200 20 {20} 19600 684r.2 |: @22 15800 SW-9 0.72 F-]
Antimony "7 ao 8 1.7 12| NO ars SW-7 1.92 14 k]
Arssnic 2 10 69 CLX LARE 18 9430 SW- 16.78 1 2
Barlym 1 200 20 495 139 |4 1 482 sw-7 4.04 8 ¢
Baryfilum 1 [ L] 0.48 [ X% D ar SW-9 1.92 18 17
Cadmium 3 s 1" 12 13 ND b1E 5W-0 206 9 &
Calcium 4 Bo0C 20 2220 1082 | 855 14900 sW.0 197 13
Chrombum 3 1© 70 &7 . | T 10700 SW11002 10.38 4 13
Cobait 3 50 20 : 0e a0 |: 16 are W11 2: 12
Copper 3 25 2 120§] ose (TR 108 | 12.2 1160 SW-0 0.42 5 [
Iron 3 100 20 120 || 1900 a3t400 coen.? ||  es 112000 FW-0 2.88 T
Lead 2 1 o8 | 70 ND 47 nz| ND 4700 wimI6 120 2 1
Magnesium 23 5000 2 20 @ma 57RO 1576.3 | 513 4880 sW-0 1.08 "W
Manganese 1 15 20 j2o )| 4 174 e84 a4 N5 sW-0 s & 12
Meroury 0.2 0.2 pi2of ND 0.2 o1 | NO 26 sw-1 262 10 7
Nickel 4 40 LB ND a7 A ND s SW_11 0.84 20 15
Peolaselum 428 5000 20 /20| 332 2180 7| 27 2040 SW-p 0.8t H
Selenlum 2 5 LR ND 1 oe |- ND 414 sw-18 2.55 " "
Sitver 2 w0 T2} ND 13 o ND 13.0 swW-7 149 18 1
Sodlum 18 5000 W i) 622 o7 zea ND 12700 SW-9 LXT) 24
Thalitum 4 10 3720} NO 0.84 14 ! NO 38.4 BW-7 177 1 4
Tin 17 - 1wl 25 w0 arl ND 120 BW-0 0.62 n 168
Vanadium a &0 20 20} ae b N4l 49 159 BW-18 1.00 17 10
Zine e 20 R & 83 T3 202 487  7ee0 sw-p 12.06 2 e
1

Qualitative and quantitalive data taken from analyses performed to 1ulfill requiramenis of the GSIP and the PDX, Dupikate samples wers sveraged fogethar. Hardcopy of compiated
dalabase preasnted in Appendix C.
2

The detaction limit for the majority of analyses {l=inatrument; CRecontract required). The delection limidt may valy for individual samples. in general, the GSIP had conslutent detection
fimite but & low Incidence of quantitative data, white the PDI had varying detsction Bmite bul a higher Incidencs of quaniitative data,
3

Sample eize for most metale ls N = 20, with the axception of 1in (N = 18}, and arsenic, chromlum, and kad (N = 70, an & rasull of inclusion of PDi data).
4

Raleterica areas ars defined as samples laken In locatlons that have & very low probablilly of past contaminabion, based ¢n conclusions reached in the RVFS. Tha mean concanirations
{gwormnetric) for the reference arese were caloulated uning ore-hall of the detection kmit for non-detscts. Sampling locallons choasn tor caleulating the mean sediment refsrence concen—

trations ware located in Upper South Pond {north of splitway) and sast of Commaerce Way (based on conclusions of FIFS). These locations Include SW-1, =3, —4, -4, (QSIP) and SWI1 /040,
042 — 047, D4l - 062, 065 — 057, 059 (PIN, Figurs 8).
5

Slte areas ars defined as vamples taken In locations having some patential lor past conlamination (RI/FS). The mean concentrations {geomatric) lor the Site areas were calculated using one-
half of the detection fimit lor non—detects. Sampling locations chosen Include §W-1, 2, 5-7, 9-17. and CORE (QSIPY; BW1/001-007, 012-039, (41, and D48 {POL, Figurs 8). POI sedimen
SWi00a - 007, 014 — 028, and 050 -~ D52, wa the maean of thise ammples {ir 3. Datab. only Includes surficlal samples (0—8-).

q

The motals have besn ranked using twa dillerent methods. Tha BACKGROUND method divides the site area mean by the refersnce aren mean and ranks the ratios n decanding order. A
ratic greater than one indicates that the mean matal concentration for the site arsss sxosed the mean metal oonoceniration for the reference arsan, Note that ratlos which hed non-datects
(N} for the reference area muy be blassd, The TOXICITY SCREEN method uses the “oonosniration-toxcity scresning method* developed In RAGS. This method dividea the maxdmum

detected concentration by a texieity vahue (RID) and rank arders the quotient In decending order. W Is inlended to aesist In the Hazard 1D process,
r

birt ighores sxpoqure and/or frequency of detection.

Bacause non-detects wers consikiarad one-hall of the deteciian lmit when calcyialing means, some metals may have means that are higher than the maximum valus lor that datassl.

MOOG6609Dy.1D.3
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TBL4-7.WR1

TABLE 4.7

DESCRIPTIVE STATISTICS FOR VOLATILE ORGANIC COMPOUNDS
MEASURED IN SEBIMENT

Groundwater/Surlace Wales Investigation Plan
Industri—Plex Supeifund Site

Woburn, MA
1 2 3

COMPOUND NAME DETECTION FREQUENCY RANGE LOCATION MEAN

LMIT OF OF MAXIMUM IN = 19]

DETECTION VALUE
[0} {C) MIN | MAX

Acelone 2 10 7119 ND 470 SW-11 8.1
{Benzene 1 5 ar’s 1 NDB 2,100 SW-p 14
2-Butanone 1 10 2! 19 ND i SW-13 08
Chlorobenzene 1 5 17 19 ND 440 Sw-8 0.7
1.2-Dichiorosthene 1 5 14 19 ND 28 Sw-0 ce
1.2-Dichlorosthena 1 5 11 19 ND 2 sw-7 0.8
Elhylbenzene 1 5 24 19 ND 40 SW-9 0.7
2-Hexanone 2 10 17 18 ND 9 SW-5 11
{Methylens chioride 2 5 127 19 ND 39 SwW-9 ace
4=-Methyl-2-pantanone 2 10 14 19 ND 2 SW-5 ¢
Tetrachloroethene 1 L1 ar e ND 11 SW-is 0.7
Toluene 1 5 21 19 KD 250 Sw-g X}
Trichloroethena { 5 a5 19 ND 3 Sw-7 a8

All values are ppb. Dupiicate samples ware averaged togather. Stalions SW-3. 4, 8 and 9 had no deteclabla jevels
of volatile compounde. The majority of this database conslste of qualitative data, which {s presented in tabutar
form in Appendix C. Thia database alto includes data from the PDI.

2

I = Insiwument; C = Conlract Required. Valves below lhe Instrument Detection Lirnit ware not included in the database.

3

The sample mean ia the geometric mean, using one-hall of the instrumenl detection limit toc trace and/of non-~detecled vaiugs.

Note that, using thia procedurs, the mean value may ba lese than the minimum value citad for the sampling round,

MO06609Dy.1D.3
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TABLE 4.8

MEASURED IN SEDIMENT

Groundwater/Surface Waler Investigation Flan

industri-Plax Superfund She

DESCRIPTIVE STATISTICS FOR SEMIVOLATILE ORGANIC COMPOUNDS

Woburn, MA
1 2 3
COMPOUND NAME DETECTION FREQUENCY RANGE LOCATION MEAN
' umIr OF | OF OF MAXIMUM {ppb)
DETECTION VALUES VALUE [N = 18]
O [ © MIN™T 7 MAX
Benzoic acid 25 50 171 19 ND 1,300 SW-17 12
bls (2-Ethythexyl) phthalate 4 10 1317 19 ND 900,000 SW-07 180
Butylbenzyiphthalate [ 10 1/ 19 ND 1.800 SW-14 3
Dibenzoluran 4 10 2/ 10 ND 540 sSw-12 3
3,3'-Dichlorobenzidine 5 20 1/ 19 ND 3.300 SW-14 3
Disthyiphthatate 4 16 217 19 ND 2100 [ sw-11 4
2.4-Dinltrotoluene 10 10 14 19 ND 2,000 Sw-12 ]
N-Nitrosodiphenytamine L 10 11 10 ND 100 SW-15 3
Pentachlorophenol 11 19 ND 85 SW111 1
PAH COMPOUNDS
Acenaphthylsns 3 10 1/ 19 ND 180 SW-156 2
Anthracene 3 10 s/ 19 ND 2,600 SwW-12 1
Benzo (a) anthracene 3 10 10 4 19 ND 15,000 Sw-18 41
Benzo (a) pyrene 3 10 10/ 19 ND 12,000 SwW-18 3
Benzo (b} fluoranthene 3 10 17 19 ND 27.000 SwW-18 58
Benzo {g.h.perylens 3 10 71 19 ND 5,700 SwW-18 15
Benzo (k) luoranthene 3 10 10/ 18 ND 27,000 sSw-18 80
Chrysena k| 10 10 + 19 ND 13,000 SW-12 45
Dibenzo {a.h) anthracens 3 10 3! 1% ND 3,100 sw-18 4
Flucranthene 3 10 127 19 ND 24,000 Sw-12 107
Flucrene 4 19 11 18 ND 240 Sw-15 2
Indeno (1.2,3-cd) pyrene 4 10 T/ 19 ND 5,800 sW-18 18
Naphthalens 3 10 171 19 ND 8o sSwin 1
Phenanthrene 3 10 117 1% ND 17,000 SW-12 o8
Pyrene 3 10 12 1 19 ND 22,000 SW-12 100

1

All values are ppb. Duplicate samples ware averaged together. Stations SW-3, 4, 8 and 9 had no deteclabie levels
of wamivoiatile compounds, The majority of this databanse conuists of qualliative data, which Is presentad In tabular
form in Appendix C. This database Includes Information from the PDI.

2

[ = Instrument: C » Contract Required. Values below the Instrument Datection Limit were not Inciuded in the database.

4

The sampte mean s the gecmetric mean, using one—half of the instrument detection limit for trace andfor non—detected values.

ROUX ASSQCIATES INC: |
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TABLE 4.9

DESCRIPTIVE STATISTICS FOR SELECTED WATER CHEMISTRY

PARAMETERS IN SEDIMENT

Groundwaler/Surface Water Investigation Plan

Industri-Plex Superfund Stte

Woburn, MA
[ 1 2 3 4
ANALYSIS PAHAMEIEH DETECTION FREQUENCY RANGE OF LOCATION MEAN
LiMIT OF VALUES OF MAXIMUM iN=17]
)] DETECTION VALUE
MIN | "‘max ]

Total Organk: Carbon 0.010 17 1 17 0.2 23.0 SW-16 1.2
Alkalinity, as CaC03 NA 17 1 17 1.2 39.1 Sw-9 8.4
Trivalent Chromium NA 17 1 17 7.0  1,090.0 sSw-g 79.1
Hexavalent Chromiyum NA v 1 17 0.6 7.8 Sw-9 1.7
pH NA 17 1 17 5.8 7.9 SW-6 6.9
1

All units In mgrkg dry weight, axcept for pH and total organic carbon (% dry waeight).

Database Includas qualitative data. Dupiicate sampies were averaged together.

Hardcopy of complete database prasented in Appendix C,

2

The detection limit for the majority of analyses (l=instruman; CH-congracl required).

The detaction limit may vary for Individual samplas,
3

The location for the lowest pH valus was Sw-3 (PH = 5.8).
4

The sample mean is the geometric mean, using one-half of the instrument detection limit for trace andfor non-detected value
Note that, using this procedure

MO06609Dy. 1D. 3




TABLE 4.10

DESCRIPTIVE STATISTICS FOR TOTAL METALS

MEASURED IN GROUNDWATER { v
Groundwater/Surface Water Investigation Plan U‘L\D
industrl-Plex Superfund Site !
: 3T i 5

METALS (Total) DETECTION | FREQUENCY AANGE FOR RANGQE FOR LOCATION [ MEAN FOR REFERENCE SITE

LtMIT QF REFERENCE SITE AREAS (OF MAXIMUM SITE : BITE RANKING

DETECTION AREAS VALUE AREAS RATIO
nu=@s
D) © MIN | MAX MIN | MAX

Aluminum 27| 200| 83/ 5[] 443 7150 NO 224000 | OW-28 17 9
Antimony 7 0 27 I o8 ND 173 ND 143 OW-40 13 13
Aresanic 2 10 48 |/ 85 ND 5.08 ND 2350 ow-18 120 1
Barlum 2 200 582 { 85 ND 2a0 ND 505 ow=17 13 3
Beryllium 1 ] a1 85 ND 1 ND 8.8 Oow-28 1.0 21
Cadmium ] 5 1! es N NOD ND 274 ow-18 13 14
Calcium 20 | 5000 o5 / 85 24200 162000 38i¢ B17000 Ow-12 11 19
Chromium 2 10 51 { 85 ND 18 ND 428 ow-08 22 7
Cobalt 7 50 28 |/ 85 ND 478 ND 157 Ow-28 1.2 15
Copper ] 25 33/ .3 NG 40.1 ND 1350 ow-10 1.1 18
Iron 3 100 85 [ es 718 30700 322 220000 OwW-28 22 ]
Lead 2 5 37 7 85 ND a4 NO 200 OW-14 2.4 4
Magnesium 37 | 5000 a5 [/ 85 4380 25300 1110 224000 OwW-18 186 10
Manganese 1 15 a5 /7 a5 825 2810 123 28700 ow-23 oe 22
Mercury 0.2 0.2 5/ a5 ND ND ND 18 OW-40 11 17
Nickel 12 40| 28+ 5[ ND 719 ND azz| ow-09 123 12
Potassium Q00 | 5000 27 o5l ND 7220 ND 74800 ow-16 20 8
Selanium 2 [ 10/ a5 ND 2 ND 78 OW-40 12 10
Sitver 3 10 317 a5 ND 571 ND 2.2 Oow-22 03 23
Sodium 38 | 5000 85 / a5 8780 105000 741 767000 Oow-17 1.4 1"
Thallium 2 1] 217 85 ND ND ND 2.7 Oow-18 1.0 20
Vanadium [ 50 B/ ND 08 ND 70 Ow-28 24 5
Zinc 8 20 53 / 85 | ND 27 ND B470 ow-10 35 2
1 TBLA-10x. WY

The values ciied in thie table were derived lrom the bined PIN and QSIP dalxsets. AH valuss are In parts per billion.
Oupiicate samples wers wveraged logether. Relerence sreas are upgradiant of the sie (OW-1, 1A, 21, and 4}, Siw weas
sre sl wells gxciunive of the relerenos arss. Data e prossnted I 1abylar form in Appendix ©.

2

t = instrumant; C = Coniract Required. Bamples below the Iostrument Detection Limit were not Included in the databaas.
3

Tin was not detecled above the delection limi,

]

Tha sampls mean h the geomatric mean, using one-hall of the instrument detsction limit for Irece andlor non—detectad values,
Note that, because non-dstects are considered one—hall of the detection #mit when calculating mesns, soms melisls may have
meane thal ars jowsr than the Minimum vaiue fot thal datasat,

[

The metale havs been rankad, based on the elte Arealrelsrance arsa ratio, 10 galn perapsciive on the relative amounts of

matale prasent in the groundwater. A ratic greatsr than ons Indicates that the mean metal consentration for the site Arsas sxoeede
the mean metsl concantration for the refersnos areas. Note that ratice which had non-dstects Kr the refarsnce wrea may be blesed.

—— AR L e dP Pl BYESEE BRAS
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TABLE 4.11
DESCRIPTIVE STATISTICS FOR DISSOLVED METALS
MEASURED IN GROUNDWATER
Groundwalet/Surface Water Investigation Plan
Industii-Plex Superiund Site

Wobum, MA
2 af 4§ 5

METALS (Dissclved) | DETECTION | FREQUENCY}| PRANGEFOR | MEANFOR |1 RANGEFOR | LOCATION ] s SITE

LIMIT OF | mererence rererencel{ sTEareas  Jormaxmum]  sie || rerErence Jrankme

DETECTION | AREAS AREAS [ VALUE | Ranio
i | © ] MIN_ | MAX OMINT T MAX

Aluminum 27| 20| 28/ e5] ND 5010 840 |: ND 691 [OW-1A 04 22
Antimony 7 0| 231 es) ND 18.7 15| ND 122 JOW-40 1.2 14
Arsenic 2] 1| 3 857 ND 3.4 13]: ND 2400 jow-18 1.2 2
Barium 2| 200 €3 wes{ 7.2 222 128 | ND 245 Jow-10 29 6
Cadmlum 5 5| 1+ esf ND ND 25 | RD 267 jOwW-18 12 15
Calcium 20| so00| es / es5k{ 20000 158000 524466 || 3150 82000 {OW-40 10 19
Chromium 3 1| 33/ es5) ND - ] 22 ND 408 JOw-12 3.3 3
Cobalt 7| so] 1 esg ND ND as | ) 28 low-28 14 12
Copper el 25| 151 esf ND 115 e | ND 321 jow-10 1.1 18
fron al wo| s2/¢ esi ND 151 04| ND 24500 {Ow-42 253 1
Lead 2 5 11 &5§ ND ND 10} ND 183 jow-14 1.0 17
Magnesium a7| 5000} 65/ &5)] 4080 24800 78013 |{ 467 231000 jOW-18 13 13
Manganesa 1 15 83/ o3} 1.4 1485 1484 | ND 8130 Jla1a2 2.3 L
Nicksl 120 4} w0/ B85} ND 20 Te[ ND 10400 JOW-12 1.5 8
Polassium oo | s000f 9 ¢ es|] 2350 440 0722 | ND 281000 Jow-17 1.4 ]
Selenfum 2 s| 11 es§ ND ND 10 f ND 63.4 |ow-40 14 10
Sliver B4| — 17 esl ND ND azf ND 31 |a1z4A 10 21
Sodium 28| 5000 | o4/ @534 11600 123000 25080.3 | ND 663000 [OW-17 1.4 11
Thalllum 2] —| 11 es§: ND ND 10f ND 2.1 [ow-33 1.0 18
Tin 2| - i85 ND ND 180 | ND 59 [ow-18 10 20
Vanadlum ol s0| 157 es} ND ND 30| ND 318 [ow-38 10 7
Zine 8] 20| 44/ sk ND 2075 1ok ND 98990 [OW-18 23 4
1 TBLA-11a WR1

The waluss ched in thie lable were dedved lrorn the combined PDI and GSIP datasste. All valuss are In paris par billion.
Duplicats samples wers sveraged iogether. Reisrence areas ars upgradient of the slte (OW-1, 14, 21, and 4), SHe wreas
are sl wails suchigive ol the raference ates. Data is presented in tabular form in Appendix C.

2

I = Instrument; C = Canbract Requited. Samples below tha Instzumant Detection Limit were nol included In the database.
J

Berylium and mercury wars nol detecied above the Inatrumeni detection fimi,

4

The sampie mean is the geometric mean, using ane-haif of the awment detection it for uace andlor non-detecied valuss.
Note that, Because non-detects are conskierad one-half of the detection limi whan caiculating mesns, some meiais may have
mang that are lowsr than the minimum valus lor that dalaser.

B

Yhe meisie have been ranked, based on the site aren/releronce ares rajlo, to gain perepective on the relath te of

mataly pressnt in the groundwaler, A ralio greater than one indicates that the mean metal conoeniration lor the site areas sxcesds
the mean maial concemiration for 1he refarence meas. Nots Ihat ratios which had nan—detects lor the telersnce araa may b blased.

ROUX ASSOCIA MO06609Dy.1D.3




TABLE 4.12

PESCRIPTIVE STATISTICS FOR VOLATILE ORGANIC COMPOUNDS
MEASURED (N GROUNDWATER

Groundwater/Surfaca Water Invastigation Plan
Industrl-Ptex Superfund Site

Woburn, MA
1 2 3
COMPQOUND NAME DETECTION | FREQUENCY RANGE LOCATION MEAN
LIMIT OF OF OF MAXIMUM|  (ppb)
DETECTION VALUES VALUE [N = 66)
m [ © MIN | MAX '
Acelone 2 10 51 66 ND 267 Ow-39 1.3
Benzene 1 5 1314 66 ND 48,000 OW-31 22
Chlorobenzens 1 5 1/ 66 ND 25 Oow-o1 0.9
Chlorpathana 2 10 21 66 ND 4 CwW-308 1.0
Chlorolorm 1 5 4 66 ND 6 Ow-22 0.9
Chloromathana 2 10 1/ 66 ND 1 Ow-01 1.0
1,1-Dichloroethane 1 5 T 66 ND 6 OwW-07 1.0
1,2-Dichloroathane 1 5 1/ 66 ND 2 ow-17 09
1,1-Dichioroalhanea 1 5 31 66 ND B OW-26B 0.9
trans-1,2-Dichloroethylene 1 5 3/ 66 ND 28| ow-20 0.9
Ethylbenzena ' 1 5 4/ 66 ND 6| Ow-09 0.9
Methylane Chicride 2 5 37 66 ND 23 ow-27 1.2
Toluane 1 5 19 ¢ 66 ND 32,000 OwW-16 1.9
Trichloroethene 1 5 51 66 ND 110 Ow-268 11
1.1,1-Trichloroethane 1 5 4 f 66 ND 26 Ow-26B 1.0
Xylenes (iotal) 1 5 7/ 66 ND 35 OowW-08 11
1 THL4-12A WR

The valuss clied in this table were dertvad from the combined PDI and GSIP datassts. All valuas are In paity par billion,

Duplicate samples were sveraged together. OW-1A.9,10,11,14,15, 10A,24A,_25A 258, 264,28, and 33A had no deisclable concsn—
trations of volatlle organkc compounds. The mafority of this Gatabass conlste of qualitative data, which i pragented

in tabular jorm In Appsndix C.

2

I = Instrument; G = Contract Required. Values below the Instrument Datection Limil wers not Included in the databass.

3

The sarnple mean is the gsometiic mean, using one-hall of the instrument detection llmi Tor wace and/or non -detected vatues.

Note that, using this procedure, the mean valus may be leag than the minimum value cited foc the sampling round.

ROUX ASSOCIATES INC ! | [ | 1 | | MOOG&0oDy. 1 2



TBL4-13 WR1

TABLE 4.13

DESCRIPTIVE STATISTICS FOR SEMIVOLATILE ORGANIC COMPOUNDS
MEASURED IN GROUNDWATER

Groundwater/Surfaca Water investigation Plan
Industri-Plex Supertund Site

Woburn, MA
2 3

COMPOUND NAME DETECTION FREQUENGY RANGE LOCATION MEAN

LIMIT OF OF OF MAXIMUM IN = 34}

PETECTION VALUES VALUE
{n =] MIN | max

Acenaphthens 3 10 17 38 ND 3 OW-26A 1.5
Benzoic scid 25 50 2/ 38 ND 2,000 ow-1a 149
bie (2-Ethylhexyl) phthalate 4 10 517 ND 84| ow-1s 24
2-Methytphenot 5 10 11 a8 ND -] Ow-31 28
4-Methylphenol 5 10 21 a8 ND 3.400 Ow-18 33
Phenol 5 10 4/ 3 ND 430 Ow-18 36
1

The values cited in this table were derived from the combined PDI and GSIP datasels. All values are
in parte par bilficn. Duplicate samples were averaged together. OW-1,86.7.0,11.12,14.15, 18,18A.19,
19A.20.21,22.23.24A.24B.25A,258.288.27B.29,30A.30EI.33A.335 had no detactable concentra--

tione of semivolatile compounds.

In tabular form in Appendix .
2

The majority of this database b qualitetive data, which |s presented

(= Instrumenl; C = Contract Required. Values below the Instrument Pelection Limit were not inctuded

in the database.
3

The eample mean ig the geometric mean, using one-half of the inslrumaent detection limit for trace and/or

non-detecled valuas. Note that,
minimum value for the dataset,

using this method, the mean for some constituants may be lass than the

MOO06609Dy.1D. 3



TBL4-14.WR?
Tabla 4.14

DESCRIPTIVE STATISTICS FOR SELECTED PHYSICAL AND CHEMICAL
PARAMETERS OF UNFILTERED GROUNDWATER SAMPLES

Groundwater/Surface Walar Invastigation Plan
Industri-Plex Superfund Site

Woburn, MA
1 2 RANGE 3 4
CHEMICAL/PHYSICAL PARAMETER DETECTION [FREQUENCY OF LOCATION MEAN
LIMIT OF VALUES OF MAXIMUM
0 DETECTION | MIN | MAX VALUE [N =21]
pH — 211 21 5.34 78| Ow-10 65
Conducllivily 20.0 21/ 21| 19000 17,880.0| OW-16 793.8
Sulfate 5.00 20/ 21 ND 17800 oOw-12 64.4
Sulfide 0.05 61 21 ND 02| Ow-16 0.04
Total Organic Carbon (%} 0.05 211 24 0.71  2,730.0 Ow-16 10.7
Total Phosphorus 0.05 13! 21 ND 45| Ow-18 0.09
Tolal Suspended Solids 5.00 187 21 ND  1,500.0 Ow-22 339
Bicarbonata 1.00 2t 1 21 540 11,100.0 Ow-16 935
Chiorlde 5.00 1971 21 ND 2320 Ow-21 4.8
cob 20.00 14 1 21 ND 1,500.0| oOw-22 40.1
1

All units in mg/L, except for pH and lotal organic carbon (% dry weight).
Database includes qualltative data. Duplicata samples were averagaed togather.
Hardcopy of complete database prasented in Appendix G.
2

The detaction jimit for the maority o| analyses (I=Instrument; CR=confracl required).
The detaection fimit may vary for indlvidual samples.
3

The location for the lowaest pH vaiue was OW-10 (pH = 5.34).
4
The sample mean |s the geomelric mean, using one-half of the instrument delsction limit for trace andfor

non-delecled values. Note that, using this method, the mean for some constituents may be less than the
minimum valus for the dataset.

MO06609Dy.1D.3
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Table 4.15

HAZARD IDENTIFICATION/CONTAMINANT EVALUATION

Groundwater/Surface Water investigation Plan
Industri-Plex Suparfund Site

Woburn, MA
COMPOUND NAME HUMAN HEALTH RISK ECOLCGICAL EVALUATION
Surface Surtace
Groundwater Water Sediment | Groundwater Water Sadiment
Aluminum 7,89 7.9 789 78,9 7.8,9 7.8,9
Antimony ) ; 1,3
Arsenic -
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
{ron
{sad
Magnesium
Manganese §
Mercury b
Nickel 5,7.8
Potassium 7,89 7.9 2,789
Selenium 5,78 1 5,7,8
Siiver 35,7859 2,348 58,9 3.5.8,9 5.8
Sodium 7,89 7,8,9 7,89 7.8.9 7,89
Thallium 2,358 1 5,8,9,10 1 58,9
Tin 1 1 789 1 7.8
Vanadium 7.8.9
Zinc 7
1 = not datected above instrument detection limit
2 = maximum value for site area below Contract Required Detection Limit
3 = frequancy of detection less than 0.07
5 = geometric mean for site area lass than two times the instrument Datection Limit
7 = compound ubigquitous, an sssential nutrient, or judged to be *practically non-toxic” to

8
9

humans or wildlife at concentration ranges obsarved
= §ite area/relerence area mean ratic less than or equal to 2.0
= Quantitative assessmant not possible due to lack of adequate database

10 = location of compound necessitates exciusion from any feasible exposure scenario
11 = groundwater transport negiible

X
A

= chosen as constituent of concern
= will be considered as a component through groundwater discharge

ROUX ASSOCIATES INC
MO06609Dy.1D.3



HAZARD IDENTIFICATION/CONTAMINANT EVALUATION

Table 4.16

Groundwater/Surface Water investigation Plan

Industrt-Plex Superfund Site

Woburn, MA
COMPOUND NAME HUMAN HEALTH RISK ECOLOGICAL EVALUATION
Surface Surface
Groundwater Water Sadiment | Groundwater Water Sediment

Acetons 10 1,235 7 7 9
Benzene X 1 A Y 9
2-Butanone 1 1 1 1 7
Chlorobenzene 2,5.10 7 7 3,7
Chlorosthane 7 1 1
Chloromethane 7 1 1
Chloroform 7 1 1
1.1-Dichloroethane 7 3.7 1
1.1-Dichloroethene 7 1 1
1,2-Dichloroethane 1 1 3,7
trans~1,2-Dichioroethene 7 7 3.7
Ethylbenzene 7 1 7
2-Haxanone 1 1 3.7
Methylene Chloride 7 7 7
4-Methyl-2-Pentanona 1 1 a7
Tatrachlorcethensa 1 1 1
Tolusne i 2,7 7
1,1,1-Trichloroethane 7 1
Trichloroethene 7 7
Xylanas (total) % 1,2,3,10 1 3.7 3.7

1 = not detected abova instrumant détection tirmit

2 = maximum vaiua for site area below Contract Raquired Detection Limit

L]

= frequency of detection less than Q.07

5 = geometric mean for 5ile area less than two timas the Instrument Detection Limit

7 = compound ubiguitous. an essantlal nutrient, or judged to be *practically non-toxic® to
humans or wildlife at concentration ranges cbsarved

8 = site area/retarence area mean ratio less than or equal 1o 2.0

9 = quantitative assessment not possible due to lack of adequata database

10 = locaticn of compound necassitates exclusion from any feasible exposure scenario

11 = groundwater transpor neglible

X = chosen as constituent of concern
A = will ba considered as a component through groundwater discharge

ROUX ASSOCIATES INC

MO06609Dv. ID.3




TBL4-15.WR1

Table 4.17

HAZARD IDENTIFICATION/CONTAMINANT EVALUATION

Groundwatar/Surface Watar Investigation Plan
Industri-Plex Superfund Site
Woburn, MA

COMPOUND NAME

HUMAN HEALTH RISK ECOLOGICAL EVALUATION

Surtace Surface
Groundwater Water Sediment | Groundwater Water Sadimeant

Benzoic Acid

3,7 3,7.9 1

bis (2-Ethythexyl)phthalate

7.9 7.9

Butylbenzylphthaiate

3.7.9

Di-n-butyiphthalate

379

Dibanzofuran

1

3,3-Dichiorobenzidine

Disthylphthalate

2,4-Dinitrotoluane

2-Mathyiphano!

4-Mathyiphenol

N-Nitrosodiphanylamine

+
o

Pentachlorophenol

Phenol

§_...-xu_;_a-a.‘.a_;_aj"
d o
—
k) i F Y] |k | b | ot [k

PAH COMPCUNDS

Acenaphthens

Acenaphthylena

Anthracene

Banzo (a) anthracene

Benzo (a) pyrena

Benzo (b) fluoranthena

Benzo (g.h.i)perylens

Benzo (k) fluoranthene

Chrysene

Dibenzo (a,h) anthracene

Fluoranthene

Flyorene

indano (1,2,3-cd) pyrene

Naphthalene

Phenanthrens

Pyrana

b |tk ot ik [t ot s s [ 2 a] st ma|
o b Bl B B B Y I Y Y Y Y e ey e ey
Ll B Bl Bl el Bl el Bl Bt et Bl e B B N TN
At | b b b [a ] a]a| a s a |2 aa =]

= not detectad abova instrument detection limit
= maximum valua for site area below Contract Required Datection Limit

= gaometric mean for site area less than two limes the instrumant Detection Limit

1
2
3 = Irequency of detection iess than 0.07
5
7

= compound ublquitous, an assential nutrient, or judged to ba *practically non-toxic” to
humans or wild!ife at concentration rangas observed
B = site araa/reference area mean ratio less than or aquat to 2.0
9 = quantitative assessment not possidle dus to lack of adeguate database
10 = logation of compound necessitates exclusion from any teasible exposure scenario

11 = groundwater transport neglible

X =chosen as constituant of concern
A = will be considered as a compenent through groundwater discharge

ROUX ASSOCLATES INC MOQ6609Dv.1D.3



TABLE 4.18

TOXICITY INFORMATION
Groundwater/Surlace Water Invesligation Plan
Industrl-Plex Superfund Site

Woburn, MA
Inhalation Qral Waight Type ol Vehicla Inhalatlon Qral Critical Vehicle RO
CPF CPF of Cancer Source (8)  for Oral A RiD Efect Source (a)  lor Oral Uncenainty
Chemical {mo/kgidyj-1 (mg/kgrdyl~1 Evidence lor Class A CPF {maglkg/dy} (mgfkglday) RFD Adjustments (E?_J
Acetone 0.1 jincreased organ wt. HEAST jgavage 1000
Anthracend D 0.3 |No effect HEAST gavage 3000
Antimony 0.0004 |reduced Iffespan HEAST [water 100¢
Areenic 50 FA LY skin jung HEAST walef 0.001 |keratosls HEAST 1
Barlum 0.0001 0.05 |letotoxicity HEAST waler - 1000,100
Benzene 0.029 0.020 |A leukemia HEAST occup.
Benzo (a) anthracens 115 |B2 Former GPF
Benzo (a) pyrene a1 11.6 |B2 Former CPF |leed HEAST
Benzo (b) fluoranthene 11.5 |B2 Former CPF
Banzo (k) luoranthene 11.5 |B2 Formar CPF
Banzoic acid 4 [isritation HEAST _ |diet KD
Berylltum 8.4 43 |B2 HEAST waler 0,005 |No efiect HEAST  |water 100
Bis{2—ehlylhexyl) phthalate 0.014 |82 HEAST dint 0.02 |increased liver wt. HEAST  |[diet 1000
2-Bulanone (MEK) 0.09 0.05 |CNS; fetotoxicity HEAST inhalatlon 1000
Cadmium 8.1 B1 HEAST ocoup. 0.0005 |liver kidney HEAST  |water 10
Chlorolorm 0,081 0.0081 |B2 HEAST waler 0.01 |liver lesionn HEAST 1000 |
Chromium IH HEAST 0.000002 1 [liver toxicity HEAST |[diet 1000
Chrysene 11.5 |82 Former GPF
Dibenzo{a h) anthracene a.l 11.5 |82
Diethyl phthalate 0.8 lreduced body wt. HEAST |diet 1000
1,1-Dichloroethane C HEAST 0.1 Q.1 |kidney damage HEAST  |inhalation 1000
1.1-Dichloroethene 0.175 (o) 0.8 |C HEAST pavage 0.009 |liver lesions HEAST  |water 1000
trane-1,2-Dichloroelhiene 0.02 {inc. afk. phoephatase HEAST  [waler 100Q
Ethylbenzene D 0.288 0.1 |liver/kidney toxicity HEAST  |naat 1000
Fiuoranthene Q.04 |nephropathy HEAST |gavage 3000
Indeno (1,2,3-¢d) pyrene 11.5 |B2 Former CPF
Lead B2 HEAST 0.0014 [CNS eflecta MCL(c) |MGCL ()
Mercury 0.0003 0.0003 |neurotoxicitykidney HEAST |parentaral
Methylene Chloride {e) 0.0075 |B2 HEAST walter 0.8 0.08 |liver toxicity HEAST  |water
2= of 4-Methylphenol (creso) 0.05 |neurotoxicity;dec. body wt |HEAST  |dosed 1000
Nicke} 0.84 A lung HEAST oocup. 0.02 |reduced weight HEAST diet 300
Phenol 0.8 |reduced fotal body wi. HEAST |gavage 100
Pyrene 0.03 jrenal HEAST gavage 3000
Toluene D 0.57 0.2 |CNS.eye & nose brrit, HEAST  |inhalation 100
1.1,1=Trichloroathane 0.3 0.09 |liver toxicity HEAST Inhalation 1000
Trichloroethene 00585 {8) 0.011 |B2 (d) HEAST inhalalion
Xylenaa (totai) 0.088 2 1CNS: irrilation HEAST inhalation 100
Zine 0.2 janemia HEAST tharapeutic 10

(2} HEAST - Heallh Elfects Assessment Summary Tables 3rd Quarter, 1980, EPA is reassessing tha carcinogenic PAH, the GPF previously used for thase compounds ia used here lor tentative rigk characterization,
(&) HEAST provides no breakdown of uncertainty factors. The total vaiua ia reported for chemical information obtained from this database
(c) No RID for lead s avaliable. A surrogate was back calculated from the proposed MCL (10 ugd), assuming & 10 kg chitd drinke 1 fiver of whatar/day.

(d) Cancer welght of evidence for trichloroethens is reportad Incorrectly In HEAST. The Science Advisory Board reports the weight of evidence to be between B2 and C.

{s) inhalation CPF for 1.1-dIchloroethene and trichloroethene are back calculated from unit risk values, because CPF given in HEAST is metabolized rathar than adminisiered dose.

The unlt risk value of 4 7E-T/ugim*3 tor methylene chloride was used for risk calculations, becauss IALS recommends against back—calcuiating a CPF for this value, which is based on metabolized dose.

MOO(}SGOQDy. I?‘_?



TABLE 4.19
LOCATION OF WELLS FOR EXPOSURE ASSESSMENT

Groundwater/Surtace Watar investigation Plan
Industri-Plex Superfund Site

Woburn, MA
RIFS GSIP PDI
ow-4 ow-22 Ow-23
0 ow-9 Oow-28 Ow-31
N ow-10 Oow-a2
8 Ow-11
[ Ow-12
T Ow-13
E Ow-14
OW-15
OW-18
QW-1 ow-21 OW-24A
OW-1A Ow-24B
ow-6 OW-25A
Ow-7 OW-25B
owW-17 OW-26A
Ow-18 OW-268
0 OW-18A OW-27A
F Oow-19 ow-278
F OW-19A Ow-29
S OW-20 OW-30A
| Ow-30B
T OW-33A
E OW-33B
OwW-38
OowW-37
ow-38
Qw-3g9
OW-40
OW-42
FHa:Thi4-19.wr1

Date: 5/21/91

ROUX ASSOCIATES INC

MOO06609Dy. 1D.3



TABLE 4.20

EXPOSURE PATHWAYS AND SCENARIOS

Groundwater/Surface Water Investigation Plan
Industrl-Plex Superiung Site

Woburn, MA
ENVIRONMENTAL DATABASE ASSUMPTIONS (a)
SCENARIO/LOCATION ROUTE OF EXPOSURE MEDIA CHEMICAL CLASS SAMPLE LOCATIONS FREQUENCYDURATION RATE
DRINKING/HOUSEHOLD Ingestion Groundwater METALS All alf-site wall PRESENT: 10 kg Child - 385 daysiyear, 5 years 1 lday
WATER USE Inhalation VOC's tocations. 70 kg Adult — 385 daye/year, 70 years 2 liday
5vVOC's FUTURE: Same as above, or {ower due 1o dilutlon effects
WADING Darmal Absorption Surface Waler METALS GSIP: SW-01 and SW-02 PRESENT: 45 kg Child - 12 days/year, 5 years {b)
LOWER SQUTH POND  [ingestion Sediment VaC's PDI: SW1/024 - 038, 041, 70 kg Adult - 12 days/year, 10 years 100 mg/day (sadiment)
Ingestion Surface Waler SVOC's 048 FUTURE: Expacted to be lowsr than above 0.05 {/day (water)
due to remediation, deed restriction.
SWIMMING Dermal Absorption Surlace Waler METALS GSIP: 5W-08, 11, 13 PRESENT: 45kg Child - 12 days/year, 5 ynars (b)
HALL'S BROOK Ingestion Sediment VOC's PDI: no sampios laken 70 kg Adult - 12 daye/year, 10 years 100 mg/day (sadiment)
RETENTION AREA Ingestion Surface Water SVOGs In thiv area FUTURE: Expected to be lass than above. 0.05 \/day (water)
FISH INGESTION Ingestion Fish from METALS GSIP: SW-09,11,13 PRESENT: 45 kg Child - 48 days/yenr 33 gl/day (avg.)
Surlace Waler VOC's POL: no samples taken 70 kg Adult - 48 days/year, 30 years 138 g/day {max.)
Bodles SVOC's lof sutface waler
SEDIMENT INGESTION |Ingestion Soil METALS GSIP; SW-18 PRESENT: 45kg Child - 12 days/year, 5 years 100 mg/day
' VOC's PDIL: no samplas taken Adult - not considered
SVOCs in this area
() Ratas taken rom EPA Risk Aesessment Guidance (EPA, 198%8c)
(b} Dermal absorption rate calculated from parmeation constant descelbed in taxt,
(file:\TBL4-20 WR1)
{cata\1/6/91)
{projecl: 80 5054)
MO06609Dy. 1D.3
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TABLE 4.21

1
CUMULATIVE DALY EXPOSURE
HYPOTHETICAL EXPOSURE SCENARIO: Ingastion and Housshold Usa of Groundwater

Groundwater/Suriace Water Investigation Plan
Industri-Plex Superfung Site

Woburn, MA
0.00071 GROUNDWATER CUMULATIVE DAILY INTAKE (mg/kg-~day)
CONCENTRATIONS (ugsl) FOR GROUNDWATER EXPOSURES
2 2
CDiI (cancer) CDI (non-cancer)
MAXIMUM MEAN MAXIMUM MEAN MAXIMUM MEAN
CHEMICAL OFF-SITE OFF-SITE | OFF-SITE OFF-SITE OFF-SITE OFF-SITE
Acetona 0 1.005 0.00E+0) 2.B7E-05 0.00E+00 1.00E-04
Antimany 27.4 18.9 7.83E-04 5.39E-04 2.74E-03 1.89E-03
Arsenic 209 71 5.97E-03 2.04E-04 2.09E-02 7.13E-04
Barium 505 15.2 1.44E-02 4.34E-D4 " 5,05E-02 1.52E-03
Benzens 2,000 1.0 5.71E-02 2.73E-05 2.00E-01 9.55E-05
Benzoic acid 0 12.5 0.00E+00 3.57E-04 0.00E+00 1.25E-03
Cadmium 274 3.4 7.82E-04 2.68E-05 2.74E-03 3.39E-04
Chioroform 2 0.5 S.71E-05 1.49E-05 2.00E-04 5.21E-05
Chromium (1) ‘ 160 5.6 457E-03 1.60E-D4 1.60E-02 5.59E-04
1.1-Dichloroethane ;] 0.7 1.71E-04 2.06E-05 6.00E-04 7.22E-05
1,1-Dichioroethena 8 0.5 2.29E-04 1.49E-05 8.00E-04 5.21E-05
trans-1,2-Dichlorosthylene 28 0.6 8.00E-04 1.7BE-05 2.80E-03 6.22E-05
Lead at.2 2.8 891E-04 8.08E-05 3.12E-03 2B3E-04
Mercury 0.59 0.1 1.69E-05 3.03E-06 5.90E-05 1,06E-05
4-Mathyiphanoi {p-craesol) 0 2.5 0.00E+00 7.14E-05 0.00E+00 2.50E-04
Mathylene Chlgride 23 1.2 6.57E-04 3.45E-05 2.30E-03 1.21E-04
Nickal 834 95 2.38E-03 2.72E-04 8.34E-03 9.83E-04
Phanol 430 3.2 1.23E-02 9.1BE-05 4 30E-02 A.21E-04
Toluene 4 0.6 1.14E-04 1.82E-05 4 Q0E-04 6.38E-05
1,1,1-Trichloroathane 26 0.6 743E-04 1.82E-05 2.60E-03 6.38E-05
Trichloroathene 110 0.8 3.14E~03 2.34E-05 1.10E-02 B.1BE-05
Xylenes (total) 13 0.6 3.71E-04 1.76E-05 1.3CE-03 6.15E-05
Zing 8430 58.9 2.41E-01 1.97E-03 8.43E-01 6.89E-03
{fila:\tbid-21x.WR1)
(project:\490 5054)

4
Sampls calculations and exposure parameters are given in Appendix G. Cancer calculation is for lifetime exposure,
while exposure for determining non-cancer impacts is calculated for a child, as this wilt maximize the estimated dose

2
NOTE: CDl is for ingestion only (2 liters/day), EPA estimatas exposure from househoid use to be
approximately equal to that produced by ingastion.

ROUX ASSOCIATES INC
MO06609Dy. 1D.3



TABLE 4.22

CUMULATIVE DAILY EXPOSURE (a}
HYPOTHETICAL EXPOSURE SCENARIQ: Wading in Lower South Pond (Children)

Groundwater/Suriace Water Investigation Plan

Industri-Plex Superfund Site

Woburn, MA

EAN CONCENTRATION

Surface

Sediment

CUMULATIVE DAILY INTAKE FOR [ SP EXPOSURES (mg/ka-day)

CDI {Cancer)

CDi {Non-Cancer)

Ingastion Sediment Dearmal TOTAL Ingestion Sadimeant Dermal TOTAL
Water' ol Surlace ingestion Absorbtlon ol Surface Ingestion Absorbtion
Chemical {ug/l) (mpikg) Water Water
Acetone 1.0 0.00E+00 5.22E-09 0.00E+0Q 5.22E-09 0.00E+«0Q 7.31E-08 0.00E+Q0 7.31E-08
Arsenlc 6.4 55.7 4.24E-08 2.9E-07 0.00E+00 3. ME-07 6.08E-07 4.07E-06 0.00E+00 4.68E-06
Benzene ' 05 0.00E+00 2.61E-09 0.00E+00 2.61E-09 0.00E+00 3.65E-08 0.00E+C0 3.65E-08
Benzo (a) anthracena 36.1 0.00E+00 1.89E-07 0.00E+0Q 1.89E-07 0.00E+00 2.64E-06 0.00E+00 2.64E-06
Benzo (a) pyrene 30.0 0.C0E+00 1.57E-07 0.00E+00 1.57E-07 0.00E+00 2.19E-06 0.00E+00 2.19E-06
Benzo (b} fluoranthena 38.7 0.00E+00 2.02e-07 0.00E+00 2.02E-07 0.00E+00 2.83E-06 0.00E+00 2.83E-06
Benzo {k) fluoranthens 8.7 0.00E+00 2.02E-07 0.00E+00 2.026-07 0.00E+00 2.83E-06 0.00E+00 2 83E-06
bis{2-ethylthaxyliphthalate 17.9 0.00E+00 9.34E-08 0.00E+00 9.34E-08 0.00E+00 1.11E-06 0.00E+00 1.31E-06
2-Bulanonsg 05 0.0CE+00 2.61E-09 0.00E+00 2.61E-09 0.00E+00 3.65E-08 0.00E+00 3.65E-08
Cadmium 11 0.00E+00 5.74E-09 0.00E+00 5.74E-09 0.00E+00 8.04E-08 0.00E+00 8.04E-08
Chromium 3.7 89.9 2.51E-08 4.69E-07 0.00E+00 4,94E-07 A51E-07 6.57E-06 0.00E+00 6.92E-06
Chrysene 36.3 0.00E+Q0 1.90E-07 0.00E+0D 1.90E-07 0.00E+«00 2.65E-06 0.00E+00 2.65E-06
trans-1,2-Dichloroethylena 0.00E+00 0.00E«00 0.00E+00 0.00E+00 0.00E+00 0.00E+Q0 0.00E+00 0.00E+00
Dibenzo (a,h) anthracene 1.5 0.00E+00 7.83E-09 0.00E+00 7.83E-09 0.00E+D0 1.10E-Q7 0.C0E+00 1.10E-Q7
Diethylphthalate 2.0 0.00E+00 1.04E-08 0.00E+00 1.04E-08 0.00E+00 1.46E-07 0.00E+00 1.46E-07
Ethylbenzena 0.5 0.00E+00 2.61E-09 0.00E+00 2.61E-09 0.00E+00 3.65E-08 0.00E+00 3.65E-08
Fluoranthene 47.4 0.00E+Q0 2.48E-07 D.00E+0Q0 2.48E-07 D.00E+00 3.47E-06 0.00E+00 J47E-06
Indeno (1,2,3-cd) pyrene 28.6 0.00E+00 1.49E-07 0.00E+00 1.4%E-07 0.00E+00 2.09E-06 0.C0E+00 2.09E-06
Lead ‘ 26 123.4 1.74E-08 6.44E-07 0.00E+00 6.61E-07 2.44E-07 9.01E-06 0.00E+00 9.26E-06
Mercury c3 0.00E+00 1.57E-09 0.00E+00 1.57E-09 0.00E+00 2.19E-08 0.00E+00 2.19E-08
Methylene Chioride 6.5 0.00E+00 J.38E-08 0.00E+00 J.38E-08 0.00E+00 4.73E-07 0.00E+00 4.73E-07
Pyrene 47.4 0.00E+00 2.48E-07 0.00E+D0 2.48E-07 0.00E+00 3.47E-06 0.00E+00 3.47E-06
{a} Sample calculations and sxporure parametars are glven in Appendix Q.
(Nie:\TBLA-22 WHL1)
{date:5/21/51)
(project: 190 B34 6)
MO066090y. 1D.3
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TABLE 4.23

CUMULATIVE DAILY EXPOSURE (a)

HYPOTHETICAL EXPOSURE SCENARIO: Wading in Lower South Pond (Adults)

Groundwater/Surface Water Investigation Plan
Industri-Plex Superfund Site

Woburn, MA

MEAN CONCENTRATIONS

CUMULATIVE ODAILY INTAKE FOR 1 SP EXPOSURE {mg/kg-day)

CDi {Cancer) CDI (Mon-Cancer)
Surlace Sediment Ingestion Sediment Darmal TOTAL Ingestion Sediment Dermal TOTAL
Water of Surface Ingestion Absorbtion of Surlace Ingestion Absorbtion
Chemical (ug/L) (ma/kg) Water Water
Acelone 1.0 0.00E+00 3.35E-09 0.00E+00 3.35E-09 Q.00E+00 2.35E-08 0.00E+Q0 2.35E-08
Arsenic 6.4 55.7 5.58E-08 1.87E-07 0.0CE+0Q 2.43E-07 AME-07 1.31E-06 0.00E+00Q 1.70E-06
Benzens 0.5 0.00E+00 1.68E-09 0.00E.00 1.68E-09 0.00E+D0 1.176-08 0.00E+00 1.17E-08
Benzo (a) anthracene 36.1 0.00E+DO 1.21E-07 0.00E+00 1.21E-07 0.00E+00 B.4BE-07 0.00E+00 8.48E-07
Benzo (a} pyreng 30.0 0.00E+00 1.01E-07 0.00E+00 1.HE-07 0.00E+00 7.05E-07 0.00E+00 7.05E-07
Benzo (b) fluoranthene 38.7 0.00E+00 1.30E-07 0.00E+C0 1.30E-07 0.00E+00 9.10E-07 0.00E+00 9.10E-07
Benzo (k) fluoranthene 38.7 0.00E+00 1.30E-07 0.00E+00 1.30E-07 0.0OE+0D 9.10E-07 0.00E+«00 9.10E-07
bis{2-ethythaxyliphthalale 17.9 0.00E+0Q 6.00E-08 0.00E+00 6.00E-08 0.00E+00 4 20E-07 0.00E+00 4.20E-07
2-Butanona 0.5 0.00E+00 1.68E-09 0.00E+00 1.68E-09 0.00E+00 1.17E-08 0.C0E+QC 1.17€-08
Cadmlum 1.1 0.00E+00 3.69E-09 0.COE+00 3.69E-09 0.00E+00 2.58E-08 0.00E+D0 2.58E-08
Chromium 37 89.9 3.23E-08 3.01E-07 0.00E+00 3.ME-07 2.26E-07 2.11E-06 0.00E+DO 2.34E-06
Chryssne 36.3 0.00E+00D 1.22E-07 0.00E+00 1.22E-07 0.00E+00 8.53E-07 0.00E+00 B.53E-07
trans-1,2-Dichloroethylana 0.00E+00 0.00E+00 0.00E+D0 0.00E+00Q 0.00E+Q0 0.00E+00 0.00E+00 0.00E+00
Dlbenzo (a,h) anthracene 1.5 0.00E+00 5.03E-09 0.00E+00 5.03E-09 0.00E+00 3.52E-08 0.00E+00 3.52E-08
Diathyiphthalate 20 0.00E+00 6.71E-09 0.00E+00 6.71E-09 0.00E+00 4.70E-08 0.00E+00 4. 70E-08
Ethylbenzena 0.5 0.00E+00 1.68E-09 0.00E+00 1.68E-09 0.00E+00 1.17E-086 0.00E+00 1.17E-08
Fluoranthene 47.4 G.00E+00 1.59E-Q7 0.00E+00 1.59E-07 0.00E+00 1.11E-06 0.00E+00 1.11E-06
indano (1,2,3-cd) pyrane 28.6 0.00E+00 9.61E-08 0.COE+C0D 9.61E-08 0.00E+00 6.72E-07 0.00E+00 6.72E-07
Lead ' 26 123.4 2.24E-08 4.14E-07 0.COE+00 4.36E-07 1.57E-0Q7 2.90E-06 0.00E+00 3.05E-06
Mercury 0.3 0.00E+00 1.01E-09 0.00E+00 1.01E-09 0.00E+Q0 7.05E-09 0.00E+00 7.05E-09
Methylena Chloride 6.5 Q.00E+00 2.17E-08 0.00E+00 2.17E-08 0.00E+00 1.52€-07 0.00E+00 1.52E-07
Pyrena 47.4 C.00E+00 1.59E-07 0.00E+00 1.89€-07 0.00E+DD 1.11E-06 0.00E+00 1.11E-06
1,1,1-Trichloroethane 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+«00
Trichlorosthena 0.00E+00 0.00E+00 0.00E+00 Q.0CE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+Q0
(1) Swrple calculationy and exp paramelers are given in Appendin Q. e
{tile:}TBL4-22.WR1)
{dars:\1/6191)

{projacl; W30 5054)
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CUMULATIVE DAILY EXPOSURE (a)

TABLE 4.24

HYPOTHETICAL EXPOSURE SCENARIO: Swimming in Hall's Brook Relention Area (Children)

Groundwater/Surface Water investigation Plan
Industri-Plex Superfund Site

Woburn, MA
EA C ATIONS CUMULATIVE DAILY INTAKE FOH HALL'S BROOK EXPOSURES {mgo/kg-day)
Surlace Sediment Ingestion CDi{Cancer) Ingestion CDI (Non-Cancer)
Water of Surtace Sediment Dermai of Surface Sedimant Dermal
Chemical {ug/L) {mg/kg) Water Ingestion Absorblion TOTAL water Ingestion Absorbtion TOTAL
Acetone 57.4 0.00E+Q0 3.00E-07 0.00E+0Q 3.00E-07 0.00E+00 4.19E-06 0.00€+00 4.19E-06
Arsenic 4.2 £689.9 2.83E-08 3.60E-06 0.00E+00 3.63E-06 3.97E-07 5.04E-05 0.00E+00 5.0BE-05
Benzene 406.6 0.00E+00 2.12E-06 0.00E+00 2.12E-06 0.00E+00 2.97E-05 0.00E+00 2.97E-05
Benzo (a} anthracene 1735 0.00E+00 9.05E-07 0.00E+00 9.05E-07 0.00E+00 1.27E-05 0.00E+00 1.27E-D5
Benzo (a} pyrene 159.4 0.00E+00 8.32E-07 0.00E+0Q 8.32E-07 0.00E+00 1.16E-05 0.00E+00 1.16E-05
Benzo (b) Hluoranthene 158.2 0.00E+00 8.26E-07 0.00E+00 8.26E-07 0.00E+00 1.16E-05 0.00E+00 1.16E-05
Banzo (k) fivoranthene 162.9 0.00E+00 8.50E-07 0.D0E+00 8.50E-07 0.00E+00 1.19E-05 0.00E+Q0 1.19E-D5
his(2-ethylhexyl}phthalata 3.6 1.654.0 2.44E-08 8.63E-06 71.25E-07 9.38E-06 3.42E-07 1.21E-04 1.02E-05 1.31E-04
2-Butanone ‘ ‘ 11.9 0.00E+00 6.21E-08 0.00E+00 6.21E-08 0.00E+00 B.69E-07 0.00E+00 B.69E-07
Cadmium 1.7 0.00E+00 B.B7E-09 0.00E+00 B.B7E-09 0.00E+00 1.24E-07 0.00E+00 1.24E-07
Chromlum 28 235.2 1.92E-08 1.23E-06 0.00E+00 1.25E-06 2.69E-07 1.72E-05 0.00E+00 1.7SE-05
Chryseng 229.9 0.00E+00 1.20E-06 0.C0E+00 1.20E-06 0.006+00 1.68E-05 0.00E+Q0 1.68E-05
trans-1,2-Dichloroethylene a5 2.40E-08 0.00E+00 8.86E-08 1.13E-07 3.35E-07 0.00E+00 1.24E-06 1.58E-06
Dibenzo (a,h) anthracene 1.5 0.00E+00 7.83E-09 0.COE+00Q T.83E-09 0.00E+00 1.10E-07 0.00E+00 1.10E-07
Diethylphthalate 199.8 0.00E+00 1.04E-06 0.C0E+00 1.04E-06 0.00E+00 1.46E-05 0.00E+00 1.46E-05
Ethylbenzene 5.6 0.00E+00 2.92E-08 0.00E+C0 2.92E-08 0.00E+00 4.09E-07 0.00E+00 4.09€E-07
Fluoranthene 3415 0.00E+00 1.78E-06 0.C0E+CQ 1.78E-06 0.00E+00 2.49E-05 0.00E+D0 2. 49E-05
Indeno {1,2,3-cd) pyrene 19.7 0.00E+00 1.03E-07 0.C0E+00 1.03E-07 0.00E+00 1.44E-06 0.00E+Q0 1.44E-06
Lead 41 132.3 2.76E-08 6.90E-07 0.C0E+00 T1.18E-07 3.87E-07 9.67E-06 0.00E+00 1.01E-05
Mercury 1.3 0.00E+00 6.78E-09 0.G0E+00 6.78E-09 0.00E+00 9.50E-08 0.00E+00 9.50E-08
Methylans Chloride 7.7 4 5.19E-08 1.77E-08 1.30E-07 1.89E-07 7.27E-07 2.48E-07 1.82E-06 2.79E-06
Pyreng 295.9 0.00E+00 1.54E-06 0.00E+00 1.54E-D6 0.00E+00 2.16E-05 0.00E+00 2.16E-05
(a)Sample calculations and sxposurs parameters are givan In Appendix Q.
(Ma:\TBLA -24. W)
{darve:5/21191)
(projec1 1490 BO46)
MO06609Dy.1D.3
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TABLE 4.25

CUMULATIVE DAILY EXPOSURE (a)
HYPOTHETICAL EXPOSURE SCENARIO: Swimming in Hall's Brook Retention Area (Adult)

Groundwater/Surface Water Investigation Plan
Industri-Plex Superfund Site

Woburn, MA
MEAN CONCENTRATIONS UMU VE DAILY INTAKE FOR HALL'S BROOK EXPOSURES (m -da
Surface Sediment | Ingaslion CDM (Cancer) Ingestion CD! {Non-Cancer)
Water of Surface Sediment Dermal of Surtace Sediment Dermal

Chemical {ugfl) {mg/kg) Water Ingestion Absorbtlon TOTAL watar ingestion Absorbtion TOTAL
Acetone 1.0 57.4 8.77E-09 1.93E-07 3.18E-09 2.05E-07 6.14E-08 1.35E-06 2.23E-08 1.43E-06
Arsenic 4.2 689.9 3.64E-08 2.31E-06 0.00E+00 2.35E-06 2.55E-07 1.62E-05 0.00E+00 1.65E-05
Benzene 406.6 0.00E+00 1.36E-06 0.00E+00 1.36E-06 0.00E+00 9.55E-06 0.00€+00 9.55E-06
Benzo (a) anthracene 173.5 0.00E+00 5.82E-07 0.CCE+00 5.82E-07 0.00E+G0 4.07E-06 0.00E+00 4.07E-06
Benzo (a) pyrens 159.4 0.00E+00 5.35E-07 0.C0E+CQ 5.35e-07 0.00E+C0 3.74E-06 0.00E+00 A.74E-06
Benzo (b} lluoranthene 158.2 0.00E+00 5.31E-07 0.00E+00 5.31E-07 0.00E+00 3.72E-06 0.00E+00 3.72E-06
Benzo (k) fluoranthens 162.9 0.00E+00 5.46E-07 0.00E+Q0 5.46E-07 0.00E+00 J.83E-06 0.00E+00 3.83E-06
bis(2-ethylhexylphthaiate 36 1,654.0 3.14E-08 5.58E-06 1.14E-06 6.72E-06 2.20E-07 3.88E-05 7.98E-06 4.70E-05
2-Butanone 11.9 0.00E+00 3.99E-08 0.00E+00 3.99E-08 0.00E+00 2.79E-07 0.00£+00 2. 79E-07
Cadmium 1.7 0.00E+00 5.70E-09 0.00E+00 5.70E-09 C.00E+QQ 3.99€-08 0.00E+00 3.99E-08
Chromium 2.8 235.2 2.47E-08 71.89E-07 0.00E+QQ 8.14E-07 1.73E-07 5.52E-06 0.00E+0D 5.70E-06
Chrysene 2299 0.00E+D0 1.71E-07 0.00E+00 T.1E-07 0.00E+00 5.40E-06 0.C0E+00 5.40E-06
trans-1,2-Dichloroathylene 3.5 3.08E-08 0.00E+00 1.39E-07 1.70E-Q7 2.16E-07 0.00E+00 9.74E-07 1.19E-06
Dibenzo {a.h) anthracena 1.5

Disthylphthalate 199.8 0.00E+00 ©.70E-07 0.00E+00 6.70E-07 0.00E+00 4.69E-06 0.00E+0Q0 4 69E-06
Ethylbenzena 5.8 0.00E+00 1.88E-08 0.00E+ 00 1.88E-08 0.00E+00 1.32E-07 0.00E+00 1.32E-07
Fluoranthene s 0.00E+00 1.15E-06 0.00E+00 1.15E-06 0.00E+00 B.02E-06 0.00E+00 B.02E-06
indeno (1,2,3-¢d) pyrene 19.7 0.00E+00 6.61E-08 0.00E+00 6.61E-08 0.00E+00 4.63E-07 0.00E+00 4 6IE-07
Lead ' 4.1 1323 3.55E-08 4.44E-07 0.00E+00 4. 79E-07 2.49E-07 3.11E-06 0.00E+00 3.36E-06
Mercury 1.3 0.00E+00D 4.36E-09 0.00E+00 4. 36E-09 0.00E+00 3.05€-08 0.00E+Q0 3.05E-08
Mathylana Chloride 7.7 34 6.67E-08 1.14E-D8 2.04E-Q7 2.82E-Q7 4.67E-07 7.98E-08 1.43E-06 1.97E-06
Pyrena 295.3 0.00E+D0 9.91E-07 0.00E+00 9.91E-07 0.00E+00 6.93E-06 0.00E+CD 6.93E-06

{a)Sample caiculations and exposure paramelenm are given in Appendix Q.
{tileATEL4-25 WR1)

{dae:\1/8/91)

{project: S0 K0s4)

ROUX ASSOCIATES INC MO06609Dy. 1D.3




HYPOTHETICAL EXPOSURE SCENARIO: Sediment ingastion at SW-16.

TABLE 4.26

CUMULATIVE DAILY EXPOSURE (2)

Grounawatar/Surface Water Invastigation Plan
Industri-Plex Supertund Site

Woburn, MA
CONCENTRATION CUMULATIVE DAILY INTAKE (ma/ka-day
AT SW-16 FOR SEDIMENT EXPOSURE
{sediment}
(mg/kg)

Chemical CDi {Cancer) CDI (Non-Cancer)
Acatone 0.170 __ 2.22E-09 311E-08
Arsenic 928 1.21E-05 1.69E-04
Benzo (a) anthracene 15 1.96E-07 2.T4E-06
Benzo (a) pyrene 12 _ 1.57TE-07 2.19E-06
Benzo (b} fluoranthane 27 1.52E-07 4.93E-06
Benzo (k) luoranthane 27 __ A52E-07 4.93E-06
Beryiium 1.1 1.44E-08 2.01E-07
bis(2-etnylhexy)phthalate as _ 4.57E-08 6.39E-07
Cadmium 234 3.05E-07 4.27E-06
Chromium 140 ~ 1.B3E-06 2.5€E-05
Chrysens 13 - 1.70E-07 2.37E-06
Dibenzo (a,h) anthracens 3.4 . 4.04E-08 5.66E-07
Fluoranthene 22 - 2.87E-07 4.02E-08
Ingenc (1,2,3-¢a) pyrena 5.8 - 7.57E-08 1.06E-06
Lead 354 4.62E-06 6.47E-05
Marcury 0.4 - 5,22E-09 7.31E-08
Pyrena 22 2B7E-07 4.02E-06
[a)Sampis A and o [ ars grven in Appendin Q. - i

(fileATBLA- 28, WR1)
[das:ir/&O1)
{protect; W90 BO5L)

ROUX ASSOCIATES INC

MO06609Dv. ID.3




TABLE 4.27

CUMULATIVE DAILY EXPOSURE (a)
HYPOTHETICAL EXPCSURE SCENARIO: ingestion of Fish from Hall's Brook

(average ingestion rate)

Groundwater/Surface Water Invastigation fan
industri- Plax Superfund Site

Wohurn, MA
MEAN CUMULATIVE DAILY INTAKE (ma/kg-day)
WATER
CONCENTRATION
cDi coi
Chemical {ugm {Cancer) (Non-Cancer)
Arsanic 4.2 5.11E-08 1.85E-07
jbis{2-ethyihexyi}phthalate 36 1.11E-08 4.04E-08
Chromium 28 1.39E-07 5.04E-07
trans-1,2-Dichioroathylene 35 1.73E-08 8.2TE-08
Lead 4.1 6.10E-07 2.21E-08
Methylene Chioride 7.7 1.17E-07 4.25E-07
1,1,1-Trichloroethana 26 4.51E-08 1.64E-07
Trichiorosthensa 25 8.11E-08 2.94E-07
(a) Sampie calculations and exposure parametars are given in Appendix G.
(file:\TBLA-27. WR1)
(date\&/2161)
(project W90 5046)
ROUX ASSOCILATES INC

MOO6609Dy. 1D.3



TABLE 4.28

CUMULATIVE DAILY EXPOSURE {a)
HYPOTHETICAL EXPOSURE SCENARIO: Ingestion of Fish from Hall's Brook
(for maximum fish tngestion rate)

Groundwater/Surface Water Investigation Plan
Industri-Plex Supertund Site
Woburn, MA

MEAN CUMULATIVE DAILY INTAKE (magskg-day)
WATER
CONCENTRATION
cDl CDi

Chemical (ug/) (Cancar) (Non-Cancer)
Arsenic 4.2 1.78E-06 6.44E-06
bls(2-ethyihexyl)phthalate 3.6 3.B6E-07 1.40E-06
Chromium 28 4 BZE-06 1.75E-05
trans-1,2-Dichioroethylene 3.5 6.00E-07 2.18E-06
Lead 4.1 2.12E-05 7.69E-05
Methytene Chloride 7.7 4.07E-06 1.48E-05
1,1,1-Trichioroethane 2.6 1.56E-06 5.68E-06
Trichloroethene 25 2.82E-06 1.02E-05

{2) Sampls calcUAUONe AN SXDOIUIE BSAMETSTS MO gven in Appendin .
{file:ATBL4-28.YWR1t)

(datm:\B/2191)

(Prosc g0 5048)

ROUX ASSOCIATES INC

MOQO6609Dy. 1D.3



TABLE 4.29

1
ISK CHARACTERIZATION

mromq |CA1. EXPOSURE SCENARIO: Ingestion and Household Usa of Groundwater

Groundwaler/Surtace Waler Jnvestigation Plan

Industri-Plex Superfund SHe

Woburn, MA
PISK CHARACTERIZATION
90 GROUNDWATER EXPOSURES
2 2
CD} {cancer) CANCER RISK CDI {non-cancer) HAZARD INDEX
MAXIMUM MEAN MAXIMUM MEAN MAXIMUM MEAN MAXIMUM_ MEAN
CHEMICAL OFF-SITE OFF-SITE OFF-STE OFF-SITE | OFF-STE  OFF-SITE OFF-SITE  OFF-SITE
Acetone 0.C0E+00 7.17E-05 0.00E+00 3.59E-05 0.0E+D0 2.5E-03
Arsenic 4.T1E-03 2.18E-04 9.4E-03 4.4E-04 1.65E-02 1.09E-04 1.2E+01 7.6E-02
Benzene 3.80E-02 5.72E-05 7.7E-03 1.2E-05 1.33E-M 2.86E-05 0.0E+00 0.0E+00
Banzoic acid 0.C0E+00 3.57E-04 0.00E+00 1.79E-04 0.0E+0D 4.5E-05
Berylfium 4.57E-05 1.54E-05 2.0E-04 6.6E-05 1.60E-04 1.72E-08 3.2E-02 1.5E-03
Cadmium 7.83E-04 9.22E-05 2.74E-03 4.61E-05 5.5E+00 9.2E-02
Chloroform 5.71E-05 4.37E-05 2.8e-05 2.1E-05 2.00E-D4 2.18E-05 1.4E-01 1.5E-02
Chromlum 1.90E-03 1.35E-04 6.65E-03 6.74E-05 6.7E-03 6.7E-05
1,{-Dichlorosthane 1.711E-04 5.18E-05 6.00E-04 2.59E-05 4.2E-02 1.8E-03
{,J-Dichlorosthena 2.29E-04 4. 81E-05 1-8€-03 3-8E-04 B.00E-04 241E-05 6.2E-01 1.9E-Q2
trans-1 ,2—Dichloroegp¥lenﬁ 8.00E-04 5.07E-05 2.80E-03 2.54E-05 9.8E-01 8.9E-03
Lead 8.91E-04 1.15E-D4 3.12E-03 5.76E-05 2.2E+00 4.0E-02
Mercur 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.0E+00 0.0E+00
2-Methylphenoj {o-cresol} 0.00E+00 7.14E-05 0.0CE+00 3.57E-05 0.0E+00 7T.1E-04
4-Methylphanat {p-cresol) 0.00E+00 7.14E-05 0.00E+00 3.57E-05 0.0E+00 T.1E-04
Melhylene Chioride 6.57E-04 A.56E-05 ﬁOF-OS {-8E-06 2.30E-03 4.2BE-05 4.3E-D2 B.0E-04
Nickel 2.05E-03 2.70E-04 1.19E-03 1.35E-04 3.6E-01 6.8E-03
Phanol 1.23E-02 9.18E-05 4.30E-02 4.59E-05 7.2E-02 7.7E-D5
Toluana 1.14E-04 4.45E-05 4.00E-04 2.22E-05 &.3E-03 5.2E-04
1.1,1-Tricploroathane 7.43E-04 5.50E-05 2.60E-03 2.75E-D5 8.1E-02 8.6E-04
Trichloroethene 3.14E-03 6.98E-05 QFF-OA‘ 1.9E-06 1.10E-02 3.49E-05 0.0E+00 0.0E«00
Xytenas (lotaf) 1.86E-04 4.72E-05 6.50E-04 2.36E-05 1.3E-02 4.8E-D4
(AT BLA-25 WH1) TOTALS 2.0E-02 9.3E-04 TOTALS 2.2E+01 2.7E-01
{DATE: 112/91)
{project:\480 60K4)

2

Sample calculations and expasure Paramelqrs are given In ApPanqbg fi

NOTE: CDI is for Ingestion only {2 liters/day). For household waler usa, the CD| = (6 X CDJ} + CD
nouxassbc&msmc' Hhde Akt yi- Torfousep thg €01 =@ X GO l
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TABLE 4.30

RISK CHARACTERIZATION
HYPOTHETICAL EXPOSURE SCENARIO:
Wading in Lower South Pond (Children)

Groundwater/Surface Water tnvestigation Pian
Industri-Plex Superfund Site

Woburn, MA
RISK CHARACTERIZATION FOR L SP EXPOSURES
CDi CANCER CDI HAZARD

Chemicat (Cancer) RISK {Non-Cancer) INDEX
Acetone 5.22E-09 0.0E+00Q 7.31E-08 7.3E-07
Arsenic A.34E-07 6.7E-07 4.68E-04G 4.7E-03
Benzene 2.61E-09 7.6E-11 3.65E-08 0.0E+00
Benzo (a) anthracene 1.89E-07 2.2E-06 2.64E-06 0.0E+00
Benzo (a) pyrene 1.57E-07 1.BE-06 2.19E-06 0.0E+Q0
Benzo (b) flugranthane 2.02E-07 2.3E-06 2.B83E-06 0.0E+00
Benzo (k) flucranthane 2.02E-07 2.3E-06 2.83E-08 0.0E+00
bis{2-ethylhexyl)phthalate 9.34E-08 1.3E-09 1.31E-06 0.0E+00
2-Butanone 2.61E-0Q3% 0.0E+0Q 3.65E-08 7.3E-07
Cadmium 5.74E-09 0.0E+00 B.04E-C8 1.6E-04
Chromium 4.94E-07 0.0E+Q0 5.92E-06 6.9E-06
Chrysene 1.90E-07 2.2E-06 2.65E-06 0.0E+00
trans-1,2-Dichioroethylgng 0.00E+Q0 0.0E+C0 0.00E+Q0 0.0E+00
Dibenzo (a,h} anthracena 7.83E-09 9.0E-08 1.10E-07 0.0E+00
Disthylphthalate 1.04E-08 0.0E+0Q 1.46E-07 1.8E-07
Ethylbenzeng 2.61E-0% 0.0E+00 J.65E-08 3.7E-07
Fiuoranthene 2 48E-Q7 0.0E+00 3.47E-06 8.7E-05
Indgno (1.2.3-cd) pyrense 1.49E-07 1.7E-06 2.09E-06 0.0E+00
Lead 6.61E-07 0.0E+00 9.26E-06 6.5E-03
Mercury 1.57E-09 0.0E+00Q 2.19E-08 7.3E-05
Mathylena Chioride 3.386-C8 25E-10 4.73e-07 7.9€-06
Pyrene 2.48E-07 0.0E+00 3.47E-06 1.2E-04

TOTALS 1.3E-05 1,2E-02
(3} Bampl Jeuiat and axp BAFAMEISTE Me given n ADpendix G.
{lile\TBL4=20.WH1}
{dase:&/2191)
(Project: 00 6048)

ASSOCIATES
ROUX NC MO06609Dy. 1D.3



RiSK CHARACTERIZATION

TABLE 4.31

HYPOTHETICAL EXPOSURE SCENARIO:
Wading in Lower South Pond (Adults)

Groundwater/Surface Water Investigation Pian

industri-Plex Superfund Site

Woburn, MA
RISK CHARACTERIZATION FOR LSP EXPOSURE
col CANCER col HAZARD

Chemical {Cancer) RISK (Non-Cancar)  INDEX
Aceatona 3.356-09 0.0E+00 2.35E-08 2.3E-07
Arsenic 2.43E-07 4.9E-07 1.70E-08 1.7E-03
Benzene 1.68E-09 4.9E-11 1.17E-08 0.0E+00
Benzo (a) anthracene 1.21E-07 1.4E-06 8.48E-07 0.0E+00
Benzo (a) pyrene 1.01E-07 1.2E-06 7.05E-07 0.0E+00
Benzo (b) luoranthang 1.3CE-07 1.5E-D6 9.10E-07 0.0E+00
Benzo (k) Huoranthena 1.30E-07 1.5€-06 9.30E-07 Q.DE+00
bis{2-ethythexyl)phthalate 6.00E-08 8.4E-10 4.20E-07 0.0E+00
2-Butanone 1.68E-09 0.0E+00 1.17E-08 2.3e-07
Cadmium 3.659E-09 0.0E+00 2.58E-08 8.2E-05
Chromium 3.34E-07 0.0E+0) 2.34E-06 2.3E-06
Chrysene 1.22E~Q7 1.4E-06 8.53E-07 0.0E+00
trans-1,2-Dichioroethylene 0.00E+0Q0 0.0E+00 0.00E+D0 0.0E+00
Dibenzo (a,h) anthracene 5.03E-09 5.BE-08 3.52E-08 0.0E+00
Diethylphthalate 6.71E-09 0.0E+00 4, 70E-08 5.9E-08
Ethylbenzene 1.68E-09 0.0E+00 1.17E-08 1.2E-07
Fluoranthene 1.53E-07 0.0E+00 1.11E-08 2.8E-05
Indeno (1,2,3-cd) pyrene 9.61E-08 1.1E-06 6.72E-07 0.0E+00
Lead 4.36E-07 0.0E+00 3.05E-06 2.1E-03
Marcury 1.01E-09 0.0E+00 7.05E-09 2.3E-05
Mathytena Chloride 2.17E-08 1.6E-10 1.52E-07 2.8E-06
Pyrene 1.59E-07 0.0E+00 1.11E-08 3.7E-05
1,1,1-Trichlorosthane 0.00E+00 0.0E+00 0.00E+00 0.0E+00
Trichloroethane 0.00E+GO 0.0E+00 0.00E+00 0.0E+00

{TOTALS 8.6E-06 4.0E-03
(n) Sampie o v W gven in Appendiz G.
(leATBLA-31. WA}
(daie:6/2181)
(projecr @D 5048)

ROUX ASSOCIATES INC
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TABLE 4.32

RISK CHARACTERIZATION
HYPOTHETICAL EXPOSURE SCENARIO:
Swimming in Hall's Brook Holding Area (Children)

Groundwater/Surface Water Investigation Pian
Industri-Plex Superfund Site

Wobum, MA
RISK CHARACTERIZATION FOR HBHA
col CANCER cDt HAZARD
{Cancer) RISK (Non-Cancer) INDEX

Chamicaf
Acetone 3.00E-07 0.0E+00 4.19E-06 4.2E-05
Arsenic 3.63E-06 7.3E-D6 5.08E-05 5.1E-02
Benzene 2.12E-06 6.2E-08 2.97E-05 0.0E+00
Benzo (a) anthracene 9.05E-07 1.0E-05 1.27E-05 G.0E+00
Benzo {(a) pyrens 8.32E-07 9.6E-06 1.16E-05 0.0E+00
Benzo (b) lucranthene B.26E-07 9.5E-06 1.16E-05 0.0E+00
Benzo (k) fluoranthane 8.50E-07 9.8E-06 1.19E-05 0.0E+00
bis(2-ethylhexyi)phthalate 9.38E-06 1.3E-07 1.31E-04 0.0E+D0
2-Butanone 6.21E-08 0.0E+0G 8.69E-07 1.7E-05
Cadmium 8.87E-08 0.0E+0C0Q 1.24E-07 25E-04
Chromium 1.25E-06 0.0E+00 1.75E-05 1.7E-05
Chrysene 1.20E-06 1.4E-05 1.68E-05 0.0E+00
trans-1,2-Dichloroethylens 1.13E-07 0.0E+00Q 1.58E-04 7.96-05
Dibenzo (a.h) anthracene 7.83E-0Q9 S.0E-08 1.10E-07 0.0£+00
Diethyiphthalate 1.04E-06 0.0E+00 1.46E-05 1.8E-05
Ethyibenzense 2.92E-08 0.0E+00 4.09E-07 4.1E-06
Flugranthena 1.78E-06 0.0E+00 2.48E-05 6.2E-04
indeno (1,2,3-cd) pyrene 1.03E-07 1.2E-06 1.44E-06 0.0E+0Q
Lead 7.18E-07 0.0E+00 1.01E-05 7.0E-03
Mercury 6.78E-09 0.0E+00Q 9.50E-08 3.2E-04
Melhylene Chloride 1.99€-07 1.5e-09 2.79E-08 4.TE-05
Pyrana 1.54E-06 0.0E+00 2.16E-05 7.2E-G4

TOTALS 6.2E-05 6.0E-02
(a)Sampie calculations and SXposUTe pArAmeNte W given in Appendix G.
(e ATBLA-32.WH1)
{dase:6r21791}
[projeot: a0 5048)

ROUX ASSOCIATES INC
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TABLE 4.33

CUMULATIVE DAILY EXPOSURE (a)
HYPOTHETICAL EXPOSURE SCENARIO:
Swimming in Hall's Brook Retention Area (Adult)

Groundwater/Surface Water Invastigation Plan
Industri-Plex Superfund Site

Woburn, MA
RISK CHARACTERIZATION FOR HBHA
col CANCER (978 ]] HAZARD

Chemical ’ {Cancer) RISK (Non-Cancar) INDEX
Acetone 2.05e-07 0.0E+00 1.43E-06 1.4E-05
Arsanic 2 35E-06 4 7E-06 1.65E-05 1.6E-02
Benzense 1.38E-06 4.0E-08 8.55E-06 0.0E+00
Benzo (a) anthracene 5.82E-07 6.7E-06 4.07E-06 0.0E+00
Benzo (3} pyrena 5.35E-07 6.1E-06 3.74E-06 0.0E+00
Benza (b) flucranthene 5.31E-07 6.1E-06 3.72E-06 0.0E+00
Benzo (k) fluoranthene 5.46E-Q7 6.3E-06 3.83E-06 0.CE+00
bis(2-ethythexyl)phthalate 6.72E-06 9.4E-08 4.70E-05 0.0E+00
2-Butanona 3.99E-08 0.0E+00 2.79E-07 5.6E-06
Cadmium 5.70E-08 0.0E+00 3.99E-08 8.0E-05
Chromium 8.14E-07 0.0E+00 5.70E-06 5.7E-06
Chrysenea 7.71E-07 8.9e-06 5.40E-06 Q.0E+00
trans-1,2-Dichloroeihylene 1.70E-07 0.CE+00 1.19E-06 5.9E-05
Dibenz¢ (a,h} anthracene
Diethyiphthalale 6.70E-07 0.0E+G0 4.69E-06 5.8E-06
Ethylbenzene 1.88E-08 0.0E+00 1.32E-07 1.3E-06
Flucranthene 1.15E-06 0.0E+00 8.02E-06 20E-04
Indeno (1,2,3-cd) pyrene 6.61E-08 7.8E-07 4.63E-07 0.0E+00
Lead 4.79E-07 0.0E+00 3.36E-06 2.3E-03
Marcury 4.36E-09 0.0E+ (0 3.05E-08 1.0E-04
Mathyiena Chioride 2.82E-07 2.1E-09 1.97E-06 J.3E-05
Pyrena 9.91E-07 0.0E+00 6.93E-06 2.3E-04

TOTALS 4.0E-05 2.0E-02
(a)Bampis k s and o3P pas % /8 given in Appandix Q.
{tileA\TBL&-3I.WR 1}
{data:521/91)
{project We0 K048}

ROUX ASSOCIATES
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TABLE 4.34

RISK CHARACTERIZATION
HYPOTHETICAL EXPOSURE SCENARIO: Sadiment ingestion at SW-16.

Groundwatar/Surface Water Invastigation Plan
Indusiri-Plax Superfund Site

Woburn, MA
RISK CHARACTERIZATION
FOR SEDIMENT EXPOSURE
cot CANCER CDi HAZARD
Chamicat {Cancer) RISK {Non-Cancer) INDEX
Acetona 2.22E-09 3.11E-08 J.11E-0O7
Arssnic 1.21E-05 24E-05 1.69E-04 1.66E-01
Benzo (a) anthracene 1.86E-07 2.3E-06 2.7T4E-06 0.00E+00
Benzo {a) pyrene 1.87E-07 1.8E-06 2 19E-06 0.00E+00
Benzo (b} fiuoranthene 3.52E-07 A1E-08 4.03E-06 0.00E+00
Benzo (k) fluoranthene 3.52E-07 4.1E-06 4.93E-06 Q.00E+00
Beryllium 1.44E-08 6.2E-08 2.01E-07 4.02E-05
Ibis¢z2-ethythexylphtnaiate 4.57E-08  6.4E-10 6.39E-07  3.20E-05
Cadmium 3.05E-07 4.27E-06 8.55€-03
Chromium 1.83E-06 2.56E-05 2.56E-05
Chrysena 1.70E-07 2.0E-06 23TE-06  0.00E+00
Dibenzo (a.h) anthracena 4.04E-08 4.7E-07 5.66E-07 0.00E+00
Fluorantnene 2.87E-07 4 02E-06 1.00E-04
Indeno (1,2,3-cd) pyrene 7.57E-08 a.7e-07 1.06E-08 0.00E+00
Leaa 4.62E-06 6.47E-05 4.53E-02
Mercury 5.22E-09 7.31E-08 2.44E-04
Pyrene 2.87E-07 4. 02E-06 1.M4E-04
I TOTAL 4,0E-05 TOTAL 2.2E-M

(HaATBLA-3 WRT)

{deie:\5S21/91)

(Project: 450 6048)

ROUX ASSOCIATES INC
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TABLE 4.35

CUMULATIVE DAILY EXPOSURE (a)
HYPOTHETICAL EXPOSURE SCENARIO: Ingastion of Fish trom Hail's Brook
(average ingastion rate)

Groundwater/Surface Water investigation Plan
Industri-Plex Superfund Site
Woburn, MA

RISK CHARACTERIZATION
FOR FISH INGESTION

CANCER HAZARD
Chamical CDI (Cancer} RISK CDI (Non-Cancer) iINDEX
Arsenic 5.1E-07 1.0E-06 1.85E-06 1.9E-03
bis(2-athylhaxyl)phthalate 1.11E~07 1.6E-09 4.04E-07 2.0B-05
Chromium 1.39E-06 0.0E+00 5.04E-06 5.0E-06
trans-1,2-Dichloroethens 1.73E-07 0.0E+00 6.27E-07 3.1E-05
Laag 6.10E-06 0.0E+00 2.21E-05 1.6E-02
Methytene Chloride 1.17E-06 8.8E-09 4,25E-06 7.1E-05
1,1,1-Trichlorosthane 4.51E-07 0.0E+00 1.64E-06 1.8E-05
Trichloroethane 8.11E-07 8.9E-09 2.94E-06 D.0E+DD

TOTAL 1.0E-06 [TOTAL 1.8E-02

{file:\TBL4-35.WR1)
{date:6/21/01)
(project:\190 5048}

AROUX ASSOCIATES INC MOO06609Dv. 1D.3



TABLE 4.36

RISK CHARACTERIZATION
HYPOTHETICAL EXPOSURE SCENARIO: Ingastion of Fish from Hall's Brook
(lor maximum fish ingestion rate)

Groundwater/Suriace Water Investigation Plan
industri-Plax Superfund Site

Woburn, MA
RISK CHARACTERIZATION
FOR FISH INGESTION EXPOSURE
CANCER HAZARD
‘{Chemical CDI (Cancen) AISK CDI {(Non-Canger) INDEX
Arsenic 1.78E-06 3.6E-06 B.44E-06 6.4E-03
bis{2-sthylhexyphthalate 3.86E-07 5.4E-09 1.40E-06 7.0E-05
Chromium 4.82E-06 0.0E+00 1.75E-05 1.7E-05
trans-1,2-Dichlorosthena - 8.00E-07 0.0E+00 2.18E-06 1.1E-04
Lead 2.12E-05 0.0E+00 7.69E-05 5.4E-02
Mathylena Chloride 4.07E-06 J3.0E-08 1.48E-05 2.5E-04
1,1,1-Trichloroethane 1.56E-06 0.0E+00 5.68E-06 6.3E-05
Trichioroathene 2,88E-06 3.2E-08 1.04E-05 0.0E+Q00
TOTAL 3.6E-06 TOTAL 6.1E-02

(Hig\TBLA-38.WR1)
(data:E/21/91)
(ProjectWed Bo4d)

MO06609Dy.1D.3



TABLE 4.37

CONTRIBUTION OF TRIBUTARIES TO TOTAL SURFACE WATER
DISCHARGE AT STATION SW-14

Groundwater/Surface Water Investigation Plan
Industri-Plex Superfund Site
Woburn, MA

i
PERCENT

INPUT LOCATION CONTRIBUTION
Lower South Pond 6.2
North Fork of Aberjona River 57
South Fork of Aberjona River (Phillip's Popd) 14.2
Hall's Brook 43.5
Hall's Brook Hojdipg Area (2) 27.3
Unknown Sources 3.0
TOTAL 100.0
1
Based on the average of two surface water measuremant perlods
{August and September. 1990).
2
This wase ostimated by subltracting measured discharge from SW-10
and SW-12 from the lota| discharge at SW-14. Itja assumead o
ba contributed by groundwatar Mux intothe HBRA,
FILE:TBL4-37 WR{

MO06609Dy. 1D. 3




TABLE 4.38

WATER QUALITY PARAMETERS MEASURED AT
SELECTED STATIONS DURING THE FIELD SURVEY

Groundwater/Surface Water invastigation Plan

Industri-Plex Superfund Site

Woburn, MA
STATION pH D.0. Temperature | Conductivity
NUMBER (ppm) {C) {umhos)
BS-1A 7.1 14.0 10.8 230
BS-1B 7.0 12.4 11.1 280
BS-1C 6.9 10.4 11.2 N
BS-2A 6.8 10.3 14.5 33
BS-2B 6.7 4.1 13.0 82
BS-2C 8.7 10.4 15.5 33
BS-3 6.0 6.4 15.0 100 |
BS-4 6.7 10.8 8.8 410
BS-5 6.8 8.3 18.5 323
BS-6 6.7 6.1 14.5 990
BS-7 8.6 9.8 16.5 1060
BS-8 6.9 8.1 12.2 310
8S-9 6.9 7.5 16.5 500
BS-10 6.B 8.2 13.8 330
BS-11 6.8 7.2 16.5 480
BS-12 6.9 7.4 17.0 315
BS-13 6.9 6.8 16.5 480
BS-14 6.9 5.8 14.0 312
BS-15 6.8 8.6 10.0 500
BS-16 7.1 2.1 12.5 162 |
BS-17 6.8 9.5 11.5 430 1
BS-18 7.0 8.8 13.0 38
B5-19 6.7 8.9 15.0 340
BS-20 6.3 7.4 14.5 250
BS-21 6.8 9.2 15.5 380
BS-22 7.3 17.1 10.3 200
85-23 7.0 12.2 9.5 177
BS-24 6.9 71 14.2 360
BS-25 6.8 7.4 14.0 380
BS-26 7.0 8.1 12.2 290
FILE:TBL4-38.WR1

ROUX ASSOCLATES INC
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TBL4-39.WRT

TABLE 4.3%

NUMBER AND TYPES OF FISH SAMPLED

AT SELECTED BIOLOGICAL SAMPLING STATIONS

Groundwater/Surface Water (nvastigation Plan

industri-Plex Superfund Site
Woburn, MA

Station # Common Name Scientific Name # Sampled
BS-11 Golden Shiner Notamigonus crysoleucas 1
BS-14  |(White Sucker Catostomus commersoni 1

American Eel Anguilla rostrata, 1

Largemouth Bass |Micropterus saimoides 1
Pumpkinseed Lepomis gibbosus 2

BS-26 |Goiden Shiner Catostomus commersoni 4
Whita Sucker Notemigonus crysoleucas 3

Largemouth Bass _|Micropterus saimoides 1

South pond |pumpkinseed Lepomis gibbosus 13
BS-1a,b,c |goiden shiner Notemigonus crysoleucas 1

Note: Pumpkinseede were observed during surface water flow
studies at SW-5, ~10, and -13. American Eel wers caught at
SW=5 and SW-12, but not coliected. Largemouth bass were
reporied 1o have been caught in the HBRA by iocal fishermen.

ROUX ASSOCIATES INC

MO06609Dy. 1D.3



TABLE 4.40

COMPGOSITE LIST OF WILDLIFE SPECIES GBSERVED ON-SITE
Groundwater/Surface Water investigation Plan

Indestri—plex Superfund Site
Wobum, MA

Observed By:

Common Name Scientific Name WMS, Normandeau ES&E

Ine. Inc. Inc. !
BIRDS
American crow Corvus brachyrhynchos X X X
American goldfinch Carduelis tristis X
American kestrel Falco sparverius X X
American robin Turdus migratorius X X
Barred owl Strix varia X !
Belted kingfisher Ceryle alcyon X X
Black duck Ana rubripes X
Black-capped chickadee Parus atricapillus X X
Blue jay Cyanocitta cristata X X
Brown thrasher Toxostoma rufum X
Canada geese Branta canadensis X X X
Common prackle Quiscalus quiscula X X
Common snipe Gallinego gallinago X X
Downy woodpecker Picoides pubescens X X
European starling Sturnus vulgaris X X
Great blue heron Ardea herodias X X
Green-backed heron Butorides striatus X X
Green-winged teal Anas crecca X
Hairy woodpecker Picoides villosus X
Herring gull Larus argentatus X X
Killdeer Charadrius vociferus X X
Mallard Anas platyrhynchos X X X
Mourning dove Zenaidura macroura X X
Northern flicker Colaptes auratus X X
Northern mockingbird Mimus polyglottos X X !
Pine warbler Dendroica pinus X
Red-tailed hawk Buteo lineatus X X
Red-winged blackbird Agelaius phoeniceus X X X E
Ring-necked pheasant Phasianus coichicus X X X
Ruffed grouse Bonasa umbellus X
Song sparrow Melospiza melodia X X X
Wood thrush Hylocichla mustelina X X
Wren (unidentified) -~ X
Yellow warbler Dendroica petechia X i X
ROUX ASSOCIATES INC

MQO06609Dy. 1D.3
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TABLE 4.40

COMPOSITE LIST OF WILDLIFE SPECIES OBSERVED ON-SITE

Wobum, MA

Groundwater/Surface Water Investigation Plan
Indusuri-plex Superfund Site

TBL4-40.WR1

Observed By:
Common Name Scientific Name WMS, Normandeau ES&E
Inc. Inc. [nc.
MAMMALS
Cottontail (unidentified) Sylvilagus spp. X X
Domestic cat Felis catus X
Eastern cottontail Sylvilagus floridanus X
Gray squirrel Sciurns carolinensis X X
Mole (unidentified) - X X
Muskrat Ondatra zibethicus X X
- Raccoon Procyon lotor X X X
River outer Lutra canadensis X X
White-tailed deer Odocotleus virginianus X
- Woodchuck Marmota monax X X
AMPHIBIANS
Gray treefrog Hyla versicolor X
Green frog Rana clamitans melanota X X
Northern leopard frog Rana pipiens X X
Norihern spring peeper Hyla c. crucifer X
Tadpoles (unidentified) - X X
REPTILES
Common snapping turtle Chelydra s. serpentina X X
Eastern painted turtle Chrysemys picta X X X
Garter snake Thamnophis sirtalis X X
FISH
Pumpkinseed Lepomis gibbosus X X
Golden Shiner Notemigonus crysoleucas X
White Sucker Catostomus commersoni X
American Eel Anguilla rostrata X
- Largemouth Bass Micropterus salmoides X
SHELLFISH
Crayfish Orconectes sp. X X
ASSOCIATES
ROUX INC MO06609Dy. 1D.3




TABLE 4. 91

RELATIVE PERCENT CONTRIBUTION OF BENTHIC MACROINVERTEBRATES
AT EACH SAMPLING STATION

Groundwater/Surlace Water Invasligation Plan
Industri~Plex Superlund She

Woburn, MA
% Ephemer—| % Plec- | 9 Trich- |% Odonata| % Hemi- | % Cole~ | % Diplera: | % Diplera: | % Crust~ |% Mollusca| % Oligo— | 9% Other
LOTIC HABITAT optera optera optara ptera ptera {miec ) Chiron. acen chala
Aberjona River
B5--20 {reference) 1] 0 D [ 0 0 1 19 0 1 79 [4)
BS-21 [relerence) +] a 0 4] 0 1 2 48 ] 0 39 1
BS-3 (relerence) 0 Q 4 2 2 22 13 0 55 0 4] 4
85-4 (reletenca) 3 3 e o] 4] e ) 18 58 0 1] 0
85-17 0 0 0 0 4] 0 n 29 0 0 "] 0
B5-2 ] a Q +] Q 1 62 B 8 2 21 0
BS-5 0 0 0 0 o 3 5 60 3 1 28 0
B5-12 /] 0 [ 0 0 1 K 68 8 0 1 0
B5-14A 0 0 45 0 ] 0 12 37 1 0 4 1
BS5-148 0 0 0 0 0 0 8 85 2 0 24 G
New Boston St. Drainage
85-18 (reference) 0 0 2 0 0 0 2 5 5 0 85 0
B5-10 (reference) '] 1] 4] 1 1] 1 1 7 '] 1 78 3
gs5-6 0 0 0 o o 4 0 78 1 ] 17 o
85-7 a a a 12 0 0 0 0 -} ] 0 0 0
BS-10 0 0 a8 4 4 4 ¢ 50 Q 0 4 0
BS-15 0 0 a 0 0 0 0 10 3 0 a6 0
—_—_—_“—_
LENTIC HABITAT
Hide Pile Wetland
85-22 (relerenca) a )] 0 0 o 0 1) 30 1] 1 a1 4]
BS-23 (referenca) 0 0 0 0 1] 0 0 19 o 0 24 57
BS-1A 0 0 D 7 0 "] 0 83 0 0 Q 0
BS-18B 0 Q 0 i ] 0 0 91 [ 0 ] 0
8S-1C 0 a 0 0 0 0 2 94 0 0 5 o
Hall's Brook Relention Area
85-9 [ Q 0 0 0 [ ¢} o 100 /] a 0
as-1 4] 4] 0 0 0 0 0 0 0 0 0 0
BS-13 0 0 0 0 0 0 o -] 0 [+} o4 0
BS-18 ] o 1 o) 4] 2 o o7 0 o 1) ]
Phillip's Pond
85-~8 (reference) o 0 0 4] 0 0 0 2 0 0 28 Q
BS-26 {reference) +] 0 0 0 4] 0 o ] o 0 91 s ]
Pond near Trailer
B5-24 (reference) 0 ] Q 1] 4 0 k] ] 39 0 48 o
BS-25 (relsrence) [ 0 0 0 0 0 0 95 5 0 0 0]
Includes organisms identiliad as pupag.
TBL4~41.WRA1

MO06609Dy. 1.3
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TABLE 4.42

1

TOXICITY QUOTIENTS FOR METALS IN SURFACE WATER
(based on Amblant Water Quality Criterla)

Groundwater/Surface Water Invesligation Pian
Industri-Flex Superfund Sita

il it

Woburn, MA
TOTAL METALS SW-1|SW-2]|sw-4[sw-5 SW-6 | sw-7]sw-8[sw-9 SW-10[SW-11]SW-12[SW-13 SW-145W-15]5W-17
Arsenic 0.00] 0.21| c.00| co8( 009 0.00] 001 004| 0.04 005| 000| 000] 007 008 0.16
Barium 0.00] 000 000{ 000| 0.00 0001 000| oco00| 000 000 0.00| 0.00] 000{ 0.00 0.00
Chromium 0.00]| 0.00f 0.00| 000| 0.00 003§ 000{ 0.00{ 001 0.00 000] 000| 0.00| D01 000
Copper 000 0.00| 000] Q.00 000| 000]| 062 075] 059! 046( c.00 0.50| 058] 0.40( 0.00
Lead 003|] 003 0.0s| 003| 009 0001 0.08{ 0.04{ 0.08| 0.04 004 006 | 0.07) 0.00] 005
Manganess {2) 006 057 010| 013 o.77 089| 0.06| 036]| 056 0.31 013| 030 os5) 1.23]| 019
Zing 007) 006 nos! 010| po3 000} 009 085 0.00| 045 015] 050| o051| oo00| 008
TOTAL UNITS = 016] 088] 0.19] 035 | 0.9 092] 086{ 205| 1.29( 1.30 033| 1.37] 1.78] 1.72[ 0.48
DISSOLVED METALS | SwW-1 SW-2| 5W-4 [ SW-5] SW-8 SW-7| Sw-8|SwW-8 [sw-10 SW-11|SwW-12lsw-13[sw-14 SW-15|SW-17
Arsanic 000 0.13| 0.00] 007 006 0.01] 0.00f 0.04| 0.02 003 006 0.03| 004 0.03 0.09
Barlum 0.00] 0.00| 0.00| 0.00{ 0.00 0.00| 0.00| 0.00{ 0.00| c.00 000 0.00| 000} 0.00] 0.00
Copper 0.00| 000| 0.00| 0.00| 0.00 000 000! 000 0.00| 025 000| 025| 0.24| 0.00| 0.00
Manganesa (2) 004 062! 007! 0.13] 1.9 088 0.03| 037 054 030 014: 030] 052) 1.23( 0.19
Zinc 0.00f 0.00{ 0.00( 0.15| 0.07 009]| 004 081 0.14] 0.38 020 0.36| 0.32] 0.05| o0.10
TOTAL UNITS = 004]| 0.75| 007| 0.35 | 202 098] 0.07{ 1.22] 0.70 | 0.96 040]| 093] 11| 1311 038
1
The measured concentrations of total and dissolved melals ware divided by each respective ambient
water quality criterlon (clied below) to gain perspective on the relative impact of each metal, and
of the mixture as a whole. The Summed ratlos for each station {"tolal unlis*) is an exercise
designed to inform the reader as to the relative rank of each station, i.e. the potential Impact as
amixture. It does not convey addltivity, or the exceedanca of Amblent Water Quality Crlterla at
levels greater than unity.
2
No crilerla ts available {or manganese. Thae lower lolerance value for loxicity 1o freshwaler aquatic
organisms was used as a conservative benchmark. '
The foliowing équations were used to calculate AWQC (metal concenlration Is in ppb, hardness in ppm):
[arsenici/190 '
{barlum)/50000
[chromium{fe(o.819* EN([hardness))+3.688)
[copper)ie(0.9422* LN(hardness])-1.464)
[tead)/e{0.76* LN([hardness))+1.06)
{manganese)/1500
[zinc]/e(0.83* LN({hardness})+ 1 .95) TBL4-42. WR1

ASSOCIATES INC
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TABLE 4.43

TOXICITY QUOTIENTS FOR METALS IN SEDIMENT

Groundwater/Surface Water lnvestigation Plan
Industri-Plex Superlund Sits

Woburn, MA
ER-L SW-1 | BW-2 | 5W-3 | Sw-q | 6W-5 | 5W-8 | SW-7 | Sw-8 | sw-a | sw-10[sw-11 | sW_12[SW-13 | SW-14 | SW-15 | sSW-18 | 5W—17
Antlimony 2 3.7 0.0 00 0.0 [ X+] 00| 1875 18 208 8.2 0.0 0.0 0.0 0.0 " K] 0.0 0.0
Arsenic 33 a1 1.2 [+ X:] 01 0.4 47 479 01| 2079 52 530 03 40.3 oo 155 281 18
Cadmium 5 0.0 0.2 00 [+ ] 05 0.7 00 0.0 103 04 55 0.4 28 0.0 G5 47 07
Chromium 80 04 as 04 03 03 1.2 4.1 a1 13.8 04 568 0.2 48 0.2 15 1.8 13
Copper T0 05 17 08 05 0.2 0.3 i 0.2 188 11 75 04 41 0.2 2.4 5.1 1.0
Lead a5 0.3 8.1 0.8 08 08 08| 1203 0.2 17.5 9.0 2.1 1.2 79 02 [-R:] 101 i3
Zinc 120 0.5 1.6 08 0.4 0.7 0.4 3.2 0.1 66.2 18 488 04 215 o8 36 132 13
ER-M

Antimony 25 0.3 0.0 0.0 0.0 00 0.0 150 0.1 1.7 07 0.0 0.0 0.0 0.0 0.8 0.0 Q0
Arganic 85 0.1 4.4 03 00 0.1 18 iae 0.0 ]15.6 20 208 0.1 158 0.2 80 109 07
Cadmium ] 00 o1 0.0 0.3 0.3 o4 0.0 0.0 57 02 30 0.2 18 00 03 2¢ 0.4
Chromium 145 0.2 38 0.2 0.2 0.2 0.7 2.3 ba 15 a2 e 0.1 20 a1 oe 10 0.7
Copper 280 01 03 01 01 0.0 0.0 oe 0.0 30 02 13 01 07 00 04 09 0.2
Lead 110 c1 t.9 02 03 0.3 0.2 38.3 0.1 58 20 29 0.4 25 o1 31 32 11
Zinc 270 0.2 0.7 03 0.2 0.3 0.2 1.4 0.1 204 03 221 0.2 8.6 03 18 59 0.8
1

Sediment critaria are not eurrerily available {or determining impacts of melals to aqualic receplors.

However, NOAA has raviewed and compiled studies relating sediment concentrations ol metals to effects on the

benthic community. These studies have been ranked according tc the effeclive concaniration of each compound

In sediment. The ER-L, or "Effacts Range — Low” s the concentration that falla Into the (0th percentile for

all of the studies listed, while the ER-M, or *EHecls Range ~ Median”, falls near the 50th percentlle. The

sediment conceniration of each constituent was then divided by these "ER” values to generate a “hazard quotient”.

Although value greater than 1.0 indicates the ER value has been exceeded. il s not Indicative that an adverse

effect will occur, TBL4-43 WR1
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TABLE 4.44

1
TOXICITY QUOTIENTS FOR POLYCYCLIC AROMATIC HYDROCARBONS

IN SEDIMENT

Groundwater/Surlace Waler Inveeligation Plan
Industrl-Plax Superfund Site

Woburn, MA

EW-1 | 5W-2 } BW-3 | SW-4 | W-5 | 5W-8 | SW-7 | 5W-8 | Sw-0 | SW-10] 5W-11 [ 5W-12 | 6W_13 | 5W-14 | EW-15 SW-18| SW-17
PERCENT TOTAL ORGANIC CARBON | ER-L 0.64 47| 091 | -— — 14.8 1.2 0.27 20.2 0.23 158 — LX) 0.17 0.85 23| —
Anthracaene 85 0.0 a8 0.0 [ X1] 2.4 0.0 0.0 0.0 0.0 0.0 17.8 34.1 00 0.0 8.1 200 0.0
Benza {a) anthracene 230 0.0 a8 0.0 0.0 33 0.0 a7z 0.0 0.0 .0 12.08 47.8 52 2.1 52 85.2 0.0
Benzo (a) pyrene 400 0.0 1.5 0.0 0.0 18 0.0 18 0.0 0.0 0.0 88 248 25 1.0 22 200 00
Chrysene 400 0.0 2.2 0.0 0.0 28 0.0 2.2 0.0 0.0 0.0 11.3 325 4.5 1.8 30 325 0.0
Dibenzo {a h) anthracens 80 00 0.0 Q.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 433 04 0.0 20 5.7 0.0
Fluoranthene 800 0.0 25 00 0.0 27 20 27 0.0 0.0 0.0 138 400 53 22 47 307 02
Fluocrene 35 0.0 0.0 0.0 0.0 0.0 00 00 0.0 o0 0.0 Q.0 a0 0.0 6.0 69 00 00
Phenanthiene 225 0.0 44 0.0 a0 40 44 28 0.0 0.0 0.0 a1s 754 12.4 1.8 14,2 4.0 0.0
Pyrene 350 0.0 43 0.0 0.0 43 34 3.7 0.0 0.0 0.0 e 28 74 a1 (..] 8z 03
Total PAH 4000 0.0 24 0.0 0.0 28 04 21 0.0 0.0 0.0 10.8 382 ar 1.4 42 41.1 0.1

ER-M
Anthracene 960 0.0 03 a0 0.0 02 0.0 0.0 09 0.0 0.0 1.6 3.0 0.0 0.0 08 18 00
Benzo (a) anthracens 1800 0.0 05 0.0 0.0 05 0.0 0.5 0.8 0.0 0.0 18 89 os 0.3 0.8 0.4 00
Benzo {a) pyrene 2500 0.0 0.2 0.0 0.0 0.3 0.0 03 a.0 0.0 a.0 11 40 0.4 0.2 03 448 0.0
Chrysene 2800 0.0 03 0.0 0.0 04 0.0 0.3 00 0.0 0.0 18 48 0.8 6.2 04 46 0.0
Dibenzo {a h) anthracena 260 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 10.0 00 0.0 05 11.8 0.0
Fluoranthene 36800 0o 04 0.0 0.0 04 03 04 0.0 00 0.0 23 8.7 00 04 08 81 0.0
Fluorene 840 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 04 0.0 6.0
Phenanthrens 1380 0.0 0.7 0.0 0.0 Q7 0.7 04 60 0.9 0.0 51 123 20 0.3 23 7.2 0.0
Pyrena 2200 0.0 0.7 0.0 0.0 a7 05 08 0.0 0.0 .0 3.0 10.0 1.2 05 1.0 100 a1
Total PAH 35000 0.0 0.3 0.0 0.0 0.3 0.1 0.2 0.0 0.0 0.0 1.2 4.4 0.4 0.2 0.5 47 0.0
L}
Sadimant critoria are not currently avallable for determining lmpacte of PAH compaounds to aquatic Teceptors.
Howevar, NOAA has reviewed and compiled studies relating vedimant concentrations of PAH's to affects on the
benthic community. These studies have hesn ranked according 1o tha affective concantration of each compound
In sediment. The ER-L. or *Effacts Range - Low” ls ihe conceniration that falls into the 10th percantile lor
all of the studies listed, while the ER-M, or *EHlects Fange —~ Medlan®, falls naar the 50th percenille. The
sadiment concentration of each constituent was then divided by thesa “ER" values o generale a “hazard quotient”.
Although value greater than 1.0 indicates the ER value has been exceadad, it is not indicative that an adverse
effect will occur.
TBL4-44. WR1
MO06609Dy.1D.3




CONTRIBUTION OF CONSTITUENTS OF CONCERN FROM GROUNDWATER

TABLE 4.45

TO SURFACE WATER FOR THE HALL'S BROOK RETENTION AREA

AND A POATION OF THE ABERJONA RIVER

(Worst-case Future Scenarlo}

Groundwatar/Surface Water invesligation Plan

Industrl-Plex Superfund Sita

Woburn, MA
1 2 3 4
5 Current Current Fulure TOXICITY

CONSTITUENT Groundwater In-Straam In-Stream QUOTIENT
OF CONCEBN Concentration {ug/l) Concenlration {ug/l) Concentration (ug/l)

HBRA Aber|ona A, HBRA Aberjona R. HBRA Aberjona R. HBRA Aberjona R.
Arsanic 25 49 6 18 25 49 0.13 0.26
Copper 6 3 K| 2 6 3 0.33 0.16
Zinc 79 7 147 a7 79 7 0.36 6.03
Benzene i 56 3 3 K| 56 0.01 0.14
Toluena 6 1,050 3 k] 1 1,050 0.00 0.60
Phenol 5 25 5 5 1 25 0.00 0.01
1
Calculated as the geometric mean of OW-12,-13,-17, and -18 for the HBAA and OW-16 and OW-28 for Ihe Aberjona River.
2
Calculated as the geometric maan of SW-09,-11, and -13 for the HBRA. Concentration al SW-17 was used lor the Abarjona River.
3
See Section 4.4.10.3 of 1ext lor a discussion of how Lhese concentrations wera astimated.
4
Toxicity quotient is the future in-stream concenlralion divided by Ihe respective AWQC. Criterla for metals are given in Table
4.42. Criteria use for banzene, loluane, and phenol were 400, 1750, and 2650, respectively. The value for phenol was estimated
by assuming an acute/chronic ratio of ten, and dividing the acule vatue by this amount. 94.1 mg/l was used for a hardness valus.
5
Dissolved concentrallons were used lor melals.
€
A value of one-hall the detection limit was used Il the compound went undalected.

MOO066090y.1D.3
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TABLE 4.40

MEASUREMENT ENDPOINTS AND BIOASSESSMENT CRITERIA FOR
EACH BIOLOGICAL SAMPLING STATION

Groundwatar/Surface Water Invastigation Plan
Industrl-Plex Superfund Site

Wobum, MA
Family Shennon-

REBPII Biotic Waaver EPT/

Habilat Taxa Total index Diversity EPT Chironomidae
SAMPLING STATION Score Alchness Abundance | (modifed) Index Evenness Index Ratlo
Aberjona River
B5-20 (relerence) 84 ) 401 9.2 0.82 0.29 0 0.00
BS-21 (reference) 54 L} 370 17 1.10 0.53 1 o001
BS-3 (raference) 53 12 58 56 1.88 ave 2 0.00
BS-4 (reference) 831 10 34 88 1.58 0.6 4 0.07
as-2 34 10 1843 7.0 1.13 0.49 [] 0.00
BS-17 3 2 7 8.0 0.50 0.88 0 0.00
BS-5 38 12 401 1.2 1.13 0.45 1 0.00
BS-12 87 7 238 8.1 0.92 0.47 1] 0.00
BS-14A L[]} 7 83 10 1.20 X} 1 1.10
BS-148 48 5 121 53 086 0.860 0 0.00
New Boston 5. Drainage
B5-18 (relerence) 75 " 550 0.4 0.68 0.27 1 0.32
BS-10 (relerence) 83 19 1018 0.3 1.00 0.34 2 0.07
BS-¢ 42 5 L2Y | 87 o.e8 0.42 0 .00
BS-7 25 3 17 40 044 0.40 0 0.00
BS-15 ki 3 29 90 0.48 0.44 [} 0.00
BS-10 88 8 2a 54 1.18 0.8s 1 0.71
Includes organisme identified as pupae. All stations are listed in order of notth to south (upstream to downsiream). TBL4—48. WR1
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TABLE 4.47

BIOLOGICAL CONDITION OF SAMPLING STATION 1
BASED ON RAPID BIOASSESSMENT PROTOCOL Il SCORING GRITERIA

Groundwater/Surlace Waler Invastigalion Plan
Industri-Plax Superfund Site

Woburn, MA
FAMILY PERCENT ‘s
BIOTIC RATIO OF |CONTRIBUTION| COMMUNITY | TOTAL PERCENT DEGREE
2.3 TAXA INDEX EPT EPTTO OF DOMINANT LOSS BIOASSESSMENT [OF REFERENC OF

SAMPLING STATION RICHNESS | (modified) INDEX HIRONOMIDAE FAMILY INDEX : SCORE SCORE IMPAIBMENT
ABERJONA RIVER
REFERENCE [N = 4] 8 8 -] 8 0 LY% 30.0
BS-2 8 ] 0 a a 8| 18.0 60 |MODERATE
BS-17 0 L 0 0 0 al 2.0 30 |MODERATE
B5-5 [ 8 0 0 0 8l 18.0 80 |MODERATE
BS-12 3 8 0 0 0 3l 12.0 40 [MODERATE
BS-14B 3 B 0 o ] 3 12.0 40 |MODERATE
BS-14A 3 8 0 8 3 3| 21.0 70 |MODERATE
NEW BOSTON ST. DRAINAGE
REFERENCE [N w 2} 6 8 6 8 0 8| 30.0
BS-8 1} Q 0 0 0 3L 9.0 30 |MODERATE
BS-7 0 ] 0 [+) 0 Q| 0.0 20 | SEVERE
BS-15 0 ) Q 0 0 o[ 8.0 20 | SEVERE
BS-10 3 8 0 ¢ 3 3] 21.0 70 |MODERATE
1
As documented in EPA, 1986{.
2
Biological sampling stations are generally listed from upstream to downstraam locations.
3
REFERERENCE = Raferance slallons with similar habital types, located upstream of each siation within that drainage arsa.
Because saveral relerence stations were sampled and the variability between each siation was low, it was decided that, for the
purposas ol the RBP, the functional parameters could be salely averaged. Each sampling station was then compared 1o the mean
reference value, The following sarved as reference stations for the respeciive drainage area: Aberjona River, B5-20,-21,-3, and -4;
Hall's Brook Drainage, B5~14 snd -1§, TBL4-47 W
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TABLE 4.48

IDENTIFICATION OF CHIRONOMIDAE AT SELECTED
UPSTREAM AND DOWNSTREAM SAMPLING STATIONS

Groundwater/Sur{ace Water Investigation Pian

Industri-Plex Superfund Site

Woburn, MA
Taxonomic Group BS54 BS-1§ BS-19 BS-21 BS-1C BS-10 BS-14B BS-14A
CHIRONOMINAE
Chironomini 3/ 4.9%
Chironomus 114.2% 6/ 7.9% 58/ 95.1%
Dicrotendipes nervosus 2/ 2.9%
Parachironomus abortivus 2/ 2.6%
Paratendipes albimanus 2/ 2.6%
Polypedifum dlincense 11 4.2% 6/ 7.9% 171.0% 2/29% | 3¥10.3%
Tanyiarsus sp. 130/ 75.6% 173.4%
DIAMESINAE 4 2.3%
Diamesa sp.
ORTHOCLADIINAE
Briliin flavifrons 14/ 58.3% 1/ 1.0%
Cricotopus bicinctus 1725.0% | 3/12.5% | 42/ 60.5% { 25/ 14.5% 13/ 92.9% | 60/ 68.2% | 16/55.2%
Cricotopus sylvestris gr. 1/4.2% 2/ 2.6% 1 1.0% 2/29% 11 3.4%
Cricotopus tremulus gr. 1/ 25.0% 4/5.3% 1/ 1.0% 2429% | 5/17.2%
Cricotopus/Orthocladius sp. 11 3.4%
Eukicffericlla claripennis gr. 2/ 50.0% 21 2.6% 9/ 5.2% 17.1%
Psectrocladius psilopterus gr. 4/5.3%
TANYPODINAE
Thlenemannimyia gr. 4/ 16.7% 2/ 2.6% 2/ 6.9%
TOTAL NUMBER LARVAE: 4 24 72 172 61 14 68 29
TOTAL NUMBER TAXA: 3 6 10 8 2 2 5 7
Table #: Chironomid larvac taxa found st cach of cight BS-}C so BS=21. The first number in cach column is the specimen count:
the second number is the percentage of the total chirenomid larval community at cach station represented by each taxon.
File: TBL4-48 WR1]
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FeS, + 4250, + 2.5 H,0 = Fe(OH), + 2H* + 250,2 {Eq. 1)
FeS, + 14Fe® + BH,0 = 15Fe*? + 250,7 + 16H" (Eg. 2)
Fe’* + 3H,0 = Fe(OH)y,, + 3H" + ¢. {Eq. 3)
50,2+ CHyO + O, + IGH* + 8¢ = H;S + CO, + SHO {Eq. 4)
H,AsO,* + 2H" + 2¢" = HyAsQ,* + H,0 (Eq. 5)
CH,O + 2H* + 2¢° = CI{,0H (Eq. 6)
CH,OH + H,AsQ,* = CH,ASO(0OH), + H,0 (Eq. 7)

CH,AsO(GH), + CH,OH + 2H* + 2¢’ = (CH,),AsO(OH) + 2H,0  (Eq.8)

Cr(OH),* + H;0 = Cr(OH)y,, + H* (Eq. 9)
Cr(OH),* + 3Fe*? + 10H,0 = 4{Cr,,Fe,»(OH),} + 10H* + ¢ (Eq. 10)
H;O+ Cr(OH), + 3Fe (OH)y, = 4 [Cr0.25Fe.75(OH,}+ H* (Eq. 11)

0.75Fe*? + 0.25H,CrO,* + 2H,0 = CryxFey,(OH), + 1.5H* + & (Eq. 12)

2H,0 + HySO, + CaC0y, = CaS0,2H,0,, + H,CO, (Eq. 13)
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FIGURE 17. DISTRIBUTION OF Eh-pH MEASUREMENTS OF NATURAL AQUEQOUS
ENVIRONMENTS (FROM BAAS BECKING ET AL. 1960)
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FIGURE18. Eh-pH DIAGRAM FOR Fe SPECIES. ZFe = 1E-5, IC = 1E-2, XS = 5E-3. SCREENED
AREA REPRESENTS Eh-pH MEASUREMENTS IN GROUNDWATER, MARCH, APRIL, AND AUGUST
1990, INDUSTRI-PLEX SITE, WOBURN, MASSACHUSETTS
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FIGURE 19. HALF-LIVES FOR AQUEQUS Fe(ll} AS A FUNCTION OF pH

AT 25°(C*
seC
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~&——Typical pH range
of Industri-Plex
waters.
yr =
| ] 1 | 1 | | 1

Data Sources:

Tamura et al. 1976.

Sung and Morgan. 1980.
Singer and Stumm. 197C.
Davison and Seed. 1883.
Roekens and VanGrieken. 1383.

‘From Eary & Rai. 1988. Enwviron. Sci. & Tech. 22:972.977.
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FIGURE20. THEORETICAL Fe SPECIES IN MONITORING WELLS BASED ON Eh-pH MEASUREMENTS,
MARCH, APRIL, AND AUG. 1990, INDUSTRI-PLEX SITE, WOBURN, MASSACHUSETTS
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FIGURE 21. Eh-pH DIAGRAM FOR As SPECIES. JAs =

1E-5, ZCu =

1E-7. SCREENED AREA

REPRESENTS pH/Eh MEASUREMENTS IN GROUNDWATER, MARCH, APRIL, AND AUG. 1990,

INDUSTRI-PLEX SITE, WOBURN, MASSACHUSETTS
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FIGURE22. THEORETICAL As SPECIES IN MONITORING WELLS BASED ON Eb-pH MEASUREMENTS,
MARCH, APRIL, AND AUG. 1990, INDUSTRI-PLEX SITE, WOBURN, MASSACHUSETTS
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FIGURE23, PH-ADSORPTION EDGE FOR ARSENATE ON am-Fe(OH),: EFFECTS OF TOTAL IRON
AND TOTAL ARSENATE (FROM LECKIE ET AL. 1980)
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FIGURE 24, BIOLOGICAL ¢

YCLE FOR ARSENIC
{(FROM FAUST & ALY,

CHEMISTRY OF NATURAL w4 TERS, 1981)
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FIGURE25. MOBILITY OF DIFFERENT ARSENIC SPECIES IN RIVER SEDIMENTS
(FROM HOLM ET AL., CHEMICAL MODELING IN AQUEOUS S YSTEMS, 1980)

4

ADSORPTION
pmolofg

[ %)
1

2~

Eh = =5 to -230 mV

AsO,

MMAA

As CONCENTRATION
pmolesy




FIGURE26. Eh-pH DIAGRAM FOR Cr SPECIES. 3Cr = 1E-5, ZFe = 1E-5. SCREENED AREA
REPRESENTS Eh-pH MEASUREMENTS IN GROUNDWATER, MARCH, APRIL, AND AUG. 1990,
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FIGURE 27. CHROMATE ADSORPTION TO SINGLE-PHASE SORBENTS (FROM RAl ET AL. 1988}
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FIGURE28. THEORETICAL Cr SPECIES IN MONITORING WELLS BASED ON Eh-pH MEASUREMENTS,
MARCH, APRIL, AND AUG, 1990, INDUSTRI-PLEX SITE, WOBURN, MASSACHUSETTS
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FIGURE 29. Eh-pH DIAGRAM FOR Cr AND Fe SPECIES. ZFe = 1E-3,

3Cr = 1E-5. SCREENED AREA REPRESENTS Eh-pH MEASUREMENTS IN GROUNDWATER,
MARCH, APRIL, AND AUG. 1990, INDUSTRI-PLEX SITE, WOBURN, MASSACHUSETTS
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FIGURE30. THEORETICAL Cr SPECIES IN MONITORING WELLS BASED ON Eh-pH
MEASUREMENTS, MARCH, APRIL, AND AUG. 1990, INDUSTRI-PLEX SITE, WOBURN,
MASSACHUSETTS. DASHED LINE REPRESENTS REGRESSION FIT THROUGH Eh AND pH DATA
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FIGURE31. Eh-pH DIAGRAM FOR Hg SPECIES. ZHg = 1E-3. SCREENED AREA REPRESENTS
Eh-pH MEASUREMENTS IN GROUNDWATER, MARCH, APRIL, AND AUG. 1990, INDUSTRI-PLEX
SITE, WOBURN, MASSACHUSETTS
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FIGURE32. THEORETICAL Hg SPECIES IN MONITORING WELLS BASED ON Eh-pH
MEASUREMENTS, MARCH, APRIL, AND AUG. 1990, INDUSTRI-PLEX SITE, WOBURN
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FIGURE33. Eh-pH DIAGRAM FOR Pb SPECIES. SCREENED AREA REPRESENTS Eh-Ph
MEASUREMENTS IN GROUNDWATER, MARCH, APRIL, AND AUG. 1990, INDUSTRI-PLEX SITE,
WOBURN, MASSACHUSETTS
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FIGURE34. THEORETICAL Pb SPECIES IN MONITORING WELLS BASED ON Eh AND pH
MEASUREMENTS, MARCH, APRIL, AND AUG. 1990, INDUSTRI-PLEX SITE, WOBURN,
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FIGURE35. ADSORPTION OF ALKALINE EARTH, TRANSITION, AND HEAVY METAL CATIONS
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FIGURE36. DISTRIBUTION OF ACETIC ACID COMPLEXES AS A
FUNCTION OF pH

H o) H O
! i [ i

H=~C—-C—-0OH 2 H=C~C —=0"
| |

H oKa = 476 H

i

Acetic acid Acetate

100 -

o
o
]

CH,COOH




FIGURE 37. PROBABILITY DISTRIBUTION PLOT FOR ORIGINAL SOIL
As CONCENTRATION DATA AND THE LOG TRANSFORMED

EQUIVALENT (n = 822)
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FIGURE38. PROBABILITY DISTRIBUTION PLOT FOR ORIGINAL
DISSOLVED Fe GROUNDWATER DATA AND THE LOG
TRANSFORMED EQUIVALENT (n = 22)
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FIGURE39. CLUSTER DIAGRAM DESCRIBING STATISTICAL
MONITORING WELL GROUPINGS (COMPLETE LINKAGE METHOD)
BASED ON THE LOG NORMALLY TRANSFORMED DATABASE FOR

DISSOLVED ANALYTES FROM THE MARCH 1990 SAMPLING ROUND
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TRANSFORMED SHALLOW GROUNDWATER DATA, MARCH 1980
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FIGURE42. INFERRED SORPTION ISOTHERMS FOR As AND Zn IN
ALLUVIAL GROUNDWATER AT THE INDUSTRI-PLEX SITE
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FIGURE44. SATURATION INDICES FOR CALCITE AND GOETHITE
ALONG THE CROSS SECTION IDENTIFIED IN FIGURE 43
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FIGURE45. SATURATION INDICES FOR GYPSUM AND CHROME
HYDROXIDES ALONG THE CROSS SECTION IDENTIFIED IN FIGURE 43
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__EXPLANATION
ALKALINITY

> 1000 mg/L

100-1000 mg/L

50-100 mg/L

[0 <somn

WETLAND AREAS

NOTE: BASED ON GSIP DATA PROVIDED
IN APPENDIX C

DISTRIBUTION OF ALKALINITY
(AS HCO3)
IN GROUND WATER

Original includes color coding.

PREPARED FOR:
0 800’ 1600’ INDUSTRI-PLEX REMEDIAL TRUST
COMPILED BY: JY. |oaTE: 05/91 | FIGURE |
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0 800’ 1600’
e —

EXPLANATION
As IC
|:| AsY

WETLAND AREAS

NOTE: BASED ON GSIP DATA PROVIDED

IN TABLE 3-7

Eh—ph CONDITIONS
CONDUCIVE TO

THE PRESENCE OF As IIC

Original includes color coding,

PREPARED FOR:

INDUSTRI-PLEX REMEDIAL TRUST

COMPILED BY: J.Y.

DA 05/91

ROUX ASSOCIATES, INC.
ENVRONMENTAL CONSULTING
& WANAGEMENT

PREPARED BY: R.P./C.L
PROJECT MANAGER: T.B.

SCALE: AS SHOWN
REVISION: 0
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ON-199S0W-19A

LS60W-248

EXPLANATION
A1 > 4 mg/L
1-4 mg/L
D 0.5-1 mg/L

[F]  wenanos area

NOTE: BASED ON GSIP DATA PROVIDED
IN APPENDIX C

CONCENTRATION OF
TOTAL PHOSPHOROUS
IN GROUND WATER

Original includes color coding,

PREPARED FOR:
) 800’ 1600’

INDUSTRI-PLEX REMEDIAL TRUST

R OU X COMPILED BY: J.Y. | DATE: 05/91

PREPARED BY: R.P./C.L|SCALE: AS SHOWN

ROUX ASSOCIATES, INC. [PROJECT MAVGER: _T.8. |REVSOR O 53
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800’

1600’

EXPLANATION
CONCENTRATION OF SULFATE

U1 > 250 mg/L
60-250 mg/L
[0 <som

WETLAND AREAS

NOTE: BASED ON GSIP DATA PROVIDED
IN APPENDIX C

CONCENTRATION OF
SULFATE
IN_GROUND WATER

Original includes color coding,

INDUSTRI-PLEX REMEDIAL TRUST

RO ;
A SOCIATES, INC. [PROJECT WANAGER: _T.8. _|ReVISIOR
& MANAGEOMENT

05/91

COMPILED BY: JY. |DATE:

PREPARED BY: R.P./C.L.|SCALE: AS SHOWN
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S
2 EXPLANATION
CONCENTRATION OF CHROMIUM
> 150 ug/L
100-150 ug/L
74 50-100 ug/L
[0 <souwn
WETLAND AREAS
NOTE: BASED ON GSIP DATA PROVIDED
IN APPENDIX C
TTLE:
CONCENTRATION OF
TOTAL CHROMIUM
GROUND WATER
Original includes color coding.
PREPARED FOR:
INDUSTRI-PLEX REMEDIAL TRUST
COMPILED BY: J.Y. | DATE: 05/91 FIGURE
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EXPLANATION
pH
< 6.0

] >0

mwomus

NOTE: BASED ON GSIP DATA PROVIDED
IN TABLE 3-7

pH OF GROUND WATER

Original includes coloy coding, ’
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INDUSTRI-PLEX REMEDIAL TRUST
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_EXPLANATION
CONCENTRATION OF LEAD

7] > 50 ug/L

[0 <souwn

WETLANDS AREAS

NOTE: BASED ON GSIP DATA PROVIDED
IN APPENDIX C

CONCENTRATION OF
TOTAL LEAD
IN_GROUND WATER

Original includes color coding,

PREPARED FOR:
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EXPLANATICN
EXTENT OF ARSENIC

EXTENT OF BENZENE/TOLUENE

EXTENT OF
ARSENIC /BENZENE /TOLUENE

IN GROUND WATER
OVERLAY~3

‘| Original includes color coding.
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ELEVATION OF

THE WATER TABLE :
MAY 13, 1991 !Original includes color coding.

*

OVERLAY-2




EXPLANATION

A¥is OF THE BURIED VALLEY

AREA OF THE SATURATED
UNCONSOUDATED AQUIFER
LESS THAN 10 FEET

X

: Original includes color coding,

AREAL EXTENT OF THE
AQUIFER AND AXIS OF

THE BURIED VALLEY
_ OVERLAY-1
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GROUNDWATER

750 1500 FEET
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UNCONSOLIDATED AQUIFER
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_ | Original includes color coding.

EXPLANATION

EXTENT OF ] BENZENE I STREAM
ARSENIC AND BENZENE IN SEDMENTS

STREAM SEDIMENTS 7] ARSENIC N STREAM

OVERLAY -4 SEDIMENTS




STREAM SEDIMENT

1500 FEET

——

¥ dmm
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STREAM SEDIMENT

0 750 1500 FEET

—

Original includes color coding.

EXPLANATION
sy EXTENT OF e
s '_‘- AND BENZENE IN SEDIMENTS
STREAM SEDIMENTS 7] Extentor
OVERLAY—4 SEDIMENTS %+
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